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The  spirit  and  zeal  with  which  Mineralogy  and 
the  kindred  sciences  are  cultivated  iii  Britain  and 
Amoica,  and  the  numerous  opportunities  afforded 
to  the  inhabitants  of  these  countries  of  visiting  the 
most  remote  regions  of  the  globe,  have  made  the 
author  of  the  present  work  anxious  to  contribute 
his  share  to  the  more  general  diffusion  of  Mineralo- 
gical  Science^  by  publishing  in  the  English  lan^. 
guage  the  elements  of  a  method  which  places  Mi- 
neralogy within  the  reach  of  those  who  wish  to  be* 
oome  acquainted  with  minerals,  without  the  assist- 
anoe  of  lectures  or  extensive  collections.  With 
the  view  therefore  of  fulfilling  the  promise  of  Mr 
M0H89  ^ven  in  the  Introduction  to  his  Charader* 
istiCj  p.  vi.,  a  translation  of  his  GrundrUs  der 
Mineraiogie  is  now  laid  before  the  English  pub* 
lie  The  cmginal  Work  appeared  in  two  volumes, 
the  first  in  182S,  and  the  second  in  the  autumn  of 
1824.  A  considerable  portion  of  it  was  translated 
firom  the  manuscript  under  the  eye  of  the  author; 
•nd  the  remainder  from  the  printed  sheets  which 
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were  sent  over  during  the  progress  of  publication. 
In  consequence  of  a  continued  correspondence  with 
Professor  Mohs,  and  the  present  rapid  progress  of 
the  sdence  itself,  the  translator  found  it  necessary 
to  make  many  alterations,  improvements,  and  addi- 
tions ;  so  that  this  Treatise  on  Mineralogy  may  be 
considered  in  many  respects  as  a  second  edition, 
rather  than  as  a  mere  translation  of  the  original 
work. 

The  principles  according  to  which  Mineralogy  is 
here  treated,  are  so  different  from  those  generally 
received,  that,  in  order  to  prepare  the  public  for 
the  reception  of  his  method,  the  author  found  it  ne- 
cessary to  give  a  full  developement  of  his  ideas  in 
a  Preface  of  considerable  length  ;  and  this  was  the 
more  indispensable,  as  the  second  volume  was  not 
published  along  with  the  first  In  confoi-mity  with 
the  views  of  Mr  Mohs,  the  translator  has  endea* 
voured  to  attain  the  same  object,  by  publishing 
in  the  Transactions  of  the  Royal  Society  of  Edin* 
burgh,  and  in^  the  scientific  journals  of  that  city, 
several  papers  drawn  up  in  strict  accordance  with 
these  principles,  and  shewing  their  application  in 
particular  cases.  These  papers  were  designed  to  con« 
vey  a  just  idea  of  the  leading  principles  of  the  pre* 
sent  work,  from  winch  even  the  substance  of  some 
of  them  is  extracted.  From  these  considerations,  it 
would  be  superfluous  to  give  here  the  translation 
of  tliat  part  of  the  German  Preface  which  regards 
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the  expoaition  of  the  principles,  notwithstanding  its 
high  importance.  It  will  only  be  necessary  to  ad- 
vert to  those  passages  in  it,  which  refer  more  par- 
ticularly to  the  arrangement  of  some  of  the  de» 
partments  of  the  work  itself. 

In  the  Systematic  nomenclature,  introduced  by 
ProfesBor  MoHs,  and  employed  in  the  present 
work,  the  compound  names  and  denominations 
express  the  degree  of  connexion  in  which  the  spe^ 
cies  stand  to  each  other,  and  faithfully  represent 
their  resemblance.  In  the  trivial  nomenclature^ 
the  name  applied  to  the  species  does  not  express 
any  thing  of  that  connexion,  and  it  must  be  a 
nngle  word,  if  it  Bbajl  be  convenient  for  use,  in  cases 
where  we  do  not  intend  to  appJy  it  in  Natural  History 
to  any  scientific  purpose ;  consequently  those  are  se* 
lected  which,  according  to  the  rules  of  §.  241.,  may 
be  considered  as  unexceptionable,  and  are  added  to 
the  specific  characters  in  the  Characteristic,  referring 
at  the  same  time  to  the  page  of  the  second  and 
third  volume,  where  the  species  is  more  amply  de- 
scribed, and  other  synonymes  added.  Where  no 
good  trivial  names  existed,  the  names  or  denomina- 
tions used  by  Professor  Jamesok  in  the  third  edi- 
tion of  his  system,  or  those  adopted  by  other  Mine- 
ralo^cal  authors,  or  by  Chemists^  hove  been  intro 
duoed  in  their  place. 

The  actual  employment  of  the  Charticteristic  to 
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(be  purpose  for  which  it  is  intended,  the  determina^ 
tion  of  minerals  occurring  in  nature,  cannot  be  too 
atrongly  recommended  to  the  beginner.  This  alone 
will  make  him  accustomed  to  observe  with  his  own 
eyes  the  characters  upon  which  depend  the  identity 
or  difference  between  several  species.  The  present 
work  is  the  only  one  hitherto  published,  which  ena*. 
bles  those  who  have  studied  the  Terminology,  to 
determine  every  mineral  by  a  philosophical  process^ 
although  they  should  never  have  seen  it  before. 

The  synonymes  quoted  in  the  General  Descrip« 
tions  of  the  species  are  confined  to  a  very  few 
works.  Among  those  in  the  English  language, 
the  works  of  Professor  Jameson  are  no  doubt  the 
prindpal  ones.  The  synonymes  selected  for  the  use 
of  the  present  pul^ication  are  contained  in  the  third 
edition  of  his  valuable  System  of  Mineralogy^  and 
Manual^  in  which  he  has  adopted  the  system 
of  the  method  of  Natural  History.  To  these  syn«> 
onymes  are  added  the  names  in  the  third  edition  of 
Mr  Phillips^  ElemefUary  Introductiofi  to  the  know* 
Jedge  of  Minerals^  which  appeared  too  late  to  be 
attended  to  in  the  German  edition.  The  German 
works  noticed,  are  the  System  of  WEaNES,  as  con* 
tained  in  the  Handbuch  der  Mineralogie  by  Hoff* 
MAVN,  continued  by  Mr  Bbeithaupt,  and  the  Sys^ 
tem  of  Professor  Hausmamn,  these  works  being 
framed  according  to  the  most  original  views.  The 
former,  in  particular,  has  met  with  a  very  general 
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reception  for  a  long  series  of  years.  The  System 
of  Mr  Yon  Leonhaed  is  of  a  later  date,  and  is 
reoonunended  by  its  comprehensive  references  to 
mineralogical  works,  and  other  interesting  notices. 
Among  the  French  works  on  Mineralogy,  those 
of  the  Abbe  Hauy  have  been  selected,  as  being 
most  ^generally  received  and  understood.  The 
nomenclature  used  in  both  editions  of  his  TraiU  de 
Miniralogiey  and  in  the  Tableau  Comparatifj  may 
of  itself  be  considered  as  an  abstract  of  the  history  of 
his  system. 

The  works  and  memoirs  of  Messrs  Beooke, 
Levy,  and  Phillips,  have  been  consulted  in  regard 
to  numerous  and  highly  valuable  crystallographic 
observations  on  several  substances,  which  had  not 
before  been  examined  with  sufficient  exactness,  and 
which  were  unknown  to  Professor  Mors,  at  the 
publication  or  the  composition  of  the  German  ori- 
ginal. 

It  was  not  till  the  publication  of  the  first  vo- 
lume of  this  work,  in  18S2,  that  the  axis  of  any 
mineral  was  ascertained,  by  actual  measurement, 
to  be  in  an  inclined  portion  towards  the  base: 
and  although  that  fact,  which  was  first  intro- 
duced into  crystallography  by  Mr  Mohs,  is 
there  indicated  in  the  characters  of  some  of  the 
species,  it  had  not  yet  been  so  generally  ascer- 
tained,  nor   could    it   be   so  fully   developed   in 
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the  crystallograpbic  department  of  the  work^  as  it 
requires.  The  formulae  which  in  the  German  are 
given  in  the  Preface,  are  inserted  in  this  translation 
in  their  proper  {rfaoe,  but  without  chanpng  the  num* 
bers  and  distribution  of  the  paragraphs.  The  names 
and  denominations  also  remain ;  in  the  characters 
alone  the  necessary  changes  are  made^  the  expressioa 
Priifnatic  in  a  more  general  signification 
employed  as  including  the  prismadc,  hemi-] 
tic,  and  tetarto-prismatic  forms.  In  regard  to  such 
hemi-prismatic  forms  as  have  their  axis  inclined 
to  the  base,  it  should  be  observed,  that  the  angles 
of  horizontal  prisms  indicated,  are  those  which  the 
face  of  the  prism  includes  with  the  inclined  axis^ 
like  BAM  and  B  AM,  Vol.  I.  Fig.  41. 

Those  simple  forms  which  have  been  observed  in 
nature,  are  noted  with  an  asterisk.  For  these,  and 
also  for  each  of  the  combinations,  some  locality  is 
mentioned  in  which  they  have  been  discovered.  In 
a  few  instances  another  variety  is  substituted  in  the 
translation  for  one  in  the  original,  when  a  certain  lo- 
cality couid  be  obtained  for  an  uncertain  one,  by  a 
comparison  with  the  specimens  in  the  cabinet  of  Mr 
Allan. 

The  letters  inclosed  and  printed  in  italics  refer 
to  the  figures,  or  to  the  works  of  Hauy,  sometimes 
also  to  particular  papers,  and  in  this  case  the  title 
of  the  latter  has  1>een  mentioned.     Some  of  the 
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figures  represent  the  combinations,  where  tliey  are 
quoted  themselves  ;  others  are  only  similar  to  them, 
in  so  far  as  they  have  the  same  general  appearance, 
but  different  angles. 

To  distinguish  the  compound  varieties  from  the 
simple  ones,  is  a  matter  of  the  highest  "importance ; 
and  they  must  therefore  be  kept  perfectly  separate. 
This  is  the  point  where  Mineralogy  ends  and  Geo- 
logy begins,  two  sciences  which  have  nothing  com- 
mon with  each  other.  Geology  presupposes  Mine- 
ralogy ;  but  it  considers  the  productions  of  the  Mine- 
ral Kingdom  in  quite  another  point  of  view,  and 
acoordtng  to  difiorent  principles;  without  ifhich 
it  would  not  be  a  distinct  science. 

With  the  enumeration  of  the  compound  varieties^ 
the  General  Description  of  the  species  is  completed. 
But  thei^  exists  besides,  a  great  variety  of  informs* 
tion  in  regard  to  the  productions  of  the  Mineral 
Kingdom,  belonging  in  part  to  Natural  History, 
but  partly  also  foreign  to  this  science ;  the  latter 
nevertheless  is  generally  deemed  an  essential  part 
of  a  work  on  Mineralogy.  Something  of  this  in- 
formation is  contained  in  the  ObservcOions  added 
to  every  species,  and  which  may  require  here  a  few 
explanations. 

The  first  of  them  properly  belongs  to  the  pro-^ 
vince  of  Natural  History.     It  comprehends  some 
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marks  on  crystallographic  subjects,  or  on  the  his- 
tory of  the  species.  Here  the  species  are  also  com- 
pared with  the  determinations  and  divisions  into 
sub-species  and  kinds;  as  contained  in  the  Weme- 
rian  system,  which  will  enable  the  reader  not  only 
to  understand  the  principles  of  these  divisions,  but 
also  to  {onxk  an  idea  of  their  contents  in  reference  to 
the  varieties  occurring  in  nature.  These  distinctions 
are  not  susceptible  of  strictness  and  precision;  the 
only  purpose,  therefore,  in  treating  of  them,  b  to 
convey  the  ideas  with  brevity  and  distinctness. 

Then  follow  some  of  the  chemical  properties  of 
the  species,  as  exhibited  before  the  blowpipe,  or 
when  acted  upon  by  acids,  &c.,  and  one  or  more 
analyses,  instituted  by  the  most  celebrated  chemists, 
in  many  cases  accompanied  by  the  formulae  and  oor- 
re^nding  proportions  among  the  ingredients,  as 
proposed  by  BfiazELius.  To  Proibssor  Mitscher* 
LiCH  the  translator  is  indebted  for  several  interesting 
facts  regarding  the  circumstances  under  which  cer- 
tain species  still  continue  to  be  formed  or  may  bd 
produced  at  will,  in  laboratories  and  furnaces. 

In  the  third  place,  something  of  the  geological 
portion  of  the  species  is  mentioned ;  it  does  not 
contain  every  thing  known  in  this  respect,  but  only 
so  much  as  will  suffice  for  giving  a  general  idea  of 
the  modes  of  occurrence  in  nature,  peculiar  to  the 
species. 
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The  geographic  distribudon  of  mineral  species 
18  of  far  less  importance  than  the  distribution  of 
plants  or  animals,  in  which  so  much  depends  on  the 
geographic  position,  climate,  soil,  the  particutar 
place  of  growth  or  residence,  and  other  accidental 
circumstances.  It  is  the  subject  of  the  fburth  class 
of  observations,  which  are  confined  to  the  state- 
ment of  a  few  localities  only,  since  it  cannot  fall 
within  the  scope  of  an  elementary  work  to  enumerate 
all  the  localities  of  the  different  varieties  of  the 
species. 

Under  the  fiflh  head,  some  of  the  applications  of 
the  species  are  mentioned,  and  sometimes  a  sixth 
number  is  added,  containing  notices  of  species, 
nearly  allied  to  the  one  just  treated  of,  but  which 
have  not  yet  been  received  into  the  system.  Some* 
times  one  or  several  of  these  classes  of  observations 
are  wanting,  or  jcnned  in  a  angle  number. 

The  first  Appendix,  which  follows  immediately 
afber  the  system,  contains  such  minerals  as  will 
probably,  when  farther  examined  and  compared, 
be  received  into  the  system  as  particular  species. 
They  are  arranged  in  alphabetical  order ;  and  in 
some  of  them  the  order,  or  even  the  genus,  is 
mentioned,  to  which  they  will  probably  be  found 
to  belcoig.  Their  great  number  cannot  surprise 
those  who  are  aware  how  imperfectly  many  minerals 
^which  were  long  ago  known,  have  been  hitherto  ex- 
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aniined  and  described ;  coDfiequeutly  it  U  less 
able  to  receive  at  once  newlj  discovered  minerals 
into  the  system,  when  we  see  that  even  those  deter- 
minations^ which  were  usually  considered  most  firmly 
established,  have  frequently  been  found,  on  more 
accurate  examination,  to  be  erroneous.  The  species 
oontmned  in  this  iqppendix  must  be  viewed  exactly 
in  the  same  light  as  the  planUs  incerke  secUs  in  the 
natural  system  in  Botany  (not  in  artificial  systems, 
which  cannot  admit  of  any  appendix),  which  are 
not  included  in  any  of  the  systematic  unities,  not* 
withstanding  the  advantage  that  the  examination  of 
one,  or  of  two  individuals  at  the  most,  should  here 
be  sufficient  for  knowing  the  spedes  to  its  full  ex- 
tent. 

The  properties  of  the  minerals  contained  in  the 
second  Appendix  are  such,  that  we  cannot  expect 
that  they  will  ever  form  particular  species^  since 
they  are  not  susceptible  of  a  natural-historical  deter- 
mination. Some  minerals  of  this  description  have 
been,  enumerated  in  the  Observfitions  annexed  to 
those  species,  to  the  decomposition  of  which  they 
owe  their  existence,  as,  for  instance,  Porcelain-Earth, 
which  is  noticed  under  the  head  of  Prismatic  Feld- 
spar. 

The  copper-plates,  which  have  been  extremely  well 
executed  by  Mr  Miller^  are  intended  not  merely  to 
represent  the  figures  quoted  in  the  general  descrip^ 
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licMifi  of  the  species,  but  also  for  produdng  a  gene- 
ral survey  of  the  coHilHnations  most  commonly  oc- 
curring among  the  simple  forms  found  in  nature. 
They  are  disposed  in  the  order  of  the  systems  of 
crystallisation,  and  provided  on  the  opposite  page 
with  the  explanations  given  in  crystallognipbic  signs. 
The  figures  in  tj^e  last  five  plates  are  not  ar- 
ranged in  this  order,  since  they  were  added  only 
in  die  course  <^  printing  the  work.  They  refer 
either  to  some  remarkable  varieties  of  qiecies  de- 
scribed in  the  system,  or  they  have  been  rendered 
necessary  by  the  reception  of  several  species  into  the 
first  Appendix,  which  had  been  described  by  vari- 
ous authors,  the  greater  part  of  them  since  the  pub- 
lication of  the  German  original. 

In  comparing  many  of  these  with  nature,  the 
calnnet  of  Mr  Allam,  as  will  appear  from  the 
frequent  references  made  to  it,  has  affiirded  the 
translator  the  most  important  asnstance;  and  he 
trusts  it  will  not  be  found  out  of  place,  if  he  embraoea 
the  present  opportunity  of  expresinng  to  that  gende- 
man,  the  deep  sense  he  must  ever  entertain  of  the 
many  marks  of  kindness  he  has  received  firom  him. 
To  him  he  has  not  only  been  indebted  for  a  home 
in  a  foreign  land,  but  also  for  much  assistance,  and 
many  valuable  observations,  in  the  progress  of  this 
work.  To  Dr  Brewster  he  is  under  the  greatest 
obligations,  both  for  many  interesting  additions, 
concerning  the  optical  and  other  properties  of  mi- 
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nerais,  and  for  the  perseverance  and  patience  with 
which  he  has  aided  him  in  the  correction  of  the 
press.  Dr  Turner  also  has  favoured  him  occa* 
nonaily  with  his  valuable  assistance. 

The  translator  feels  it  an  agreeable  duty  to  ac- 
knowledge, in  the  present  place,  that  the  addi- 
tions to  this  work,  and  likewise  the  papers,  which 
he  composed  previous  to  its  publication,  dWe  the 
greater  share  of  any  merit  they  may  possess  to 
Professor  Mous,  whose  constant  tuition  in  Mine- 
ralogy, since  the  year  1812,  he  has  had  the  good 
fortune  to  enjoy,  and  of  whose  continued  friendship 
he  has  every  reason  to  be  proud. 

The  following  words  of  Professor  Mohs,  at  the 
end  of  his  Preface  to  the  first  and  to  the  second 
volumes  of  the  ori^nal,  will  form  the  best  conclu^ 
sion  of  these  prefatory  observations.  *<  The  present 
Treadse  on  Mineralogy  is  founded  on  principles  so 
<^  different  from  those  generally  received  in  treating 
<^  of  minerals,  being  in  part  in  direct  opposition  to 
«  them,  that  it  is  not  without  hesitation  that  I  have 
«  determined  to  lay  it  before  the  public.  I  have 
<>  endeavoured  to  unite  accuracy,  correctness,  and 
<<  perspicuity,  with  as  much  of  precision  as  I  could 
<<  command ;  yet  I  am  perfectly  aware  that  I  have 
<<  not  everywhere  succeeded,  and  that  this  Trea- 
<<  Use  is  in  many  respects  imperfect.  The  task  I 
^<  had  to  perform  was  nothing  less  than  to  aj^ly 
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<<  with  conastency  to  a  whole  science,  a  method 
<<  which,  though  not  new  in  itself,  had  yet  been  dis- 
<<  regarded  in  Mineralogy,  and  to  remove  all  the 
<<  difficulties  arising  from    deficiencies    I   had  to 
''  supply,  and  from  errors  I  had  to  correct.     Thi^ 
'*  problem,  however,  requires  so  much  time  and 
V  labour,  that  the  person  who  undertakes  to  re^ 
<<  solve  it,  must  leave  many  parts  to  subsequent 
'<  investigation,  while  those  who  judge  of  the  merits 
<<  of  a  first  attempt  of  this  kind,  will  be  disposed 
'<  to  relax  in  the  severity  of  their  criticism.     Yet 
**  I  wish  that  this  work  may  be  subjected  even 
**  to  the  strictest  examination,  provided  it  be  can- 
'<  did,  well  grounded,  and  does  not  omit  to  con- 
<<  ^der,  that  at  the  present  moment  the  disposi- 
<<  tion  of  the  wfaoie  must  be  of  greater  importance 
*<  than  the  minuter  details  of  the  various  depart. 
^  ments  of  the  work.      I  know  none  of  the  im« 
<^  perfections   still  to   be  met   with,  which    could 
<*  not  be  removed  by  future  labours,  and  which 
**  will  not  soon  dbappear,    if  I  have   been  for- 
'^  tunate    enough   to  call   the   attention  of   natu« 
<^  ralists  towards  the  exact  knowledge  of  the  phy- 
**  sical  qualities  of  minerals,   and  to  induce  them 
^*  to  investigate  these  more  closely  and  accurately 
^  than  has  hitherto  been  customary.    Like  every 
<'  other  department  of  Natural  History,  Minera- 
^*  logy  is  ^  charming  science.     But  its  charms  are 
«  grounded  only  upon  its  exactness ;  and  nothing 
<<  has  a  more  baneful  influence  on  the  science  itself. 
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*<  than  a  superficial  View  of  il.  My  only  intention 
*^  is  to  forward  the  scientific  progress  of  Mineralogy, 
*<  which  is  chiefly  dependent  on  the  purity  of 
'<  method  necessary  in  every  science ;  on  the  oor- 
*<  rectness  of  principles  alresdy  demonstrated  in  the 
<^  other  departments  of  Natural  History;  and  oa 
*^  the  connstency  of  the  different  ports  of  the  science 
<•  among  themselves,  objects  which  I  have  en* 
<*  deavoured  to  attain.  In  this  condition,  Minera- 
*^  logy  answers  every  purpose  that  can  be  reaaon- 
<<  ably  expected  from  any  part  of  Natural  History. 
<<  I  trust  that  the  results  already  obtained,  however 
^  insufficient  they  may  be,  will  induce  naturalists 
*<  to  take  advantage  of  the  first  step  towards  the 
<<  construction  of  that  edifice,  of  which  I  have  laid 
<^  down  the  plan  in  the  present  Treatise.^ 

Cfasrlotte  Square,  Edivburob,  \ 
26th  March,  1825.  / 
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INTRODUCTION. 


In  the  sdenoes,  the  word  Nature  is  used  under 
three  different  ajgnifications.  In  the^^,  it  de» 
notes  the  general  idea  of  the  natural  bodies  alto- 
gether, or  the  compass  of  natural  existence ;  in  the 
iecondy  the  assemblage  of  the  properties  of  a  angle 
body,  or  the  constitution  and  appearances  of  things ; 
in  the  Aird^  it  is  used  fot  expres^g  the  power  or 
cause  wlucb  produces  them. 

These  offuBcationa  are  contained  in  the  ihOowin^  ex- 
amples. **  There  are  bodies  in  Nature  yery  much  resem- 
Uing,  and  jet  different  from,  each  other."  ^  It  is  in  the 
nsture  of  geld  to  be  ductile,  heavy,  ftc"  ^  Natuvfr  pro« 
duces  different  species  of  animal,  vegetable^  and  mineral 
l)odies.'* 

§.  9.  NATUBAL  HISTOBY. 

The  object  of  Natural  History  is  Nature  consi- 
dered as  the  assemblage  of  all  material  bodies. 

The  name  of  Natural  History,  does  not  express  the  es. 
sential  properties  of  the  science  to  which  it  is  applied,  and 
has  thexefbre  been  used  in  a  yery  improper  sense.  Na- 
tural History  is  by  no  means  a  historical  science ;  it  has 
no  business  with  accidents  or  &cts,  but  refers  to  oljects,  of 
which  it  is  indifferent  whether  they  exist  contemporane* 
oosly  or  consecutiTely ;  and  it  considers  these  olgects  either 
•i%ly,  or  in  such  relations  as  they  are  brought  into,  by 
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the  applkatioQ  of  the  sdenoe  itaelfl  Of  this  kind  is  the 
connexiaii  preduoed  amoogBtthe  natunl  objects  hj  the 
Thetjfrj  of  the  System,  or  the  seocmd  pnndpAl  head  of  the 
present  work.  Natural  Histosy  by  no  means  considers 
those  connexions  among  different  bodies,  in  which  some  of 
them  produce  alterations  in  the  others,  or  contain  the  causes 
of  certain  events. 

The  pecuUsr  character  of  History,  consists  in  beinganar« 
rative  or  a  reUtion  of  facts,  arranged  acc<«ding  to  the  sue- 
cession  of  time.  Katuzal  History  faaa  nothing  to  relate, 
BxA  takes  no  notice  of  the  succession  of  events. 

The  impropriety  of  the  words  Natural  History,  has  ex- 
ercised a  prqpididal  influence  upon  the  devdopement 
and  the  progress  of  the  science  itself  and  has  given  rise 
to  many  nusconceptions.  AH  these  misconceptions  disap* 
pear  as  soon  as  the  notion  of  Natuxal  Histoiy  is  circum^ 
scribed  within  proper  limits.  Supposing  the  existence  of  a 
definition  of  this  kind,  the  name  of  Natural  History  can 
be  retained,  particularly  since  it  has  not,  till  now,  been 
superseded  by  another  more  impropriate  expression. . 

§•  8.  KAT0BAL«HISTORICAL  PBOPXETIES. 

The  properties  of  a  body,  in  as  far  as  they  are 
ODDffldered  and  made  use  of  in  Natural  History^ 
are  called  NakardUHisloTical  Properties* 

The  Natuxal-HiBtorical  properties  are  those  with  which 
Nature  has  endowed  the  bodies  which  it  produces,  )nx>« 
vided  these  properties,  as  well  as  the  bodies  themselves, 
remain  unaltered  during  their  examination.  A  body  is 
said  to  be  in  its  natuxsl  state,  while  it  continues  to  diew 
these  {MToperties.  The  natural  state  of  a  body  is  either 
constant,  or  it  is  variable  during  a  certain  period  of  time. 
In  the  first  case,  Natural  History  at  once  selects  such  of 
the  invariable  properties,  as  may  serve  its  purpose  agree- 
ably to  the  principles  of  the  science.  In  the  second,  it  de« 
termines  before  hand  the  state  (^  the  highest  perfection, 
or  of  the  full  developement  of  these  bodies,  and  then  makes 
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the  same  choice.    FiopertieB  thoa  tdected  are  the  natural- 
I  historicd  properties  of  a  body.    Hence  eyevy  natunUiis- 

L  torical  property  is  one  of  those  appertaining  to  a  body  in 

'  its  natural  state ;  but  erery  one  ci  the  properties  to  be 

met  with  in  a  body  is  not  on  that  aole  account  also  a  natu« 
ral-histoiical  property.    The  assemblage  of  all  the  natural- 
historical  properties  of  a  natural  production^  is  its  Natund, 
or  Natural-Historical  quality. 
I  Properties  not  subservient  to  the  use  of  Natural  His- 

toiy,  are  considered  in  other  sciences,  which,  in  respect  to 
their  fundamental  principles,  entirely  diifo  firom  that  of 
Natural  History. 

§•  4.  KATURAZ.  PBODirCTIOKS. 

Material  Bodies,  in  consequence  of  their  bdng 
prodaced  by  Nature,  are  called  Natural  Produce 
tions. 

It  is  Nature  alone  which  produces  bodies.  Art  only 
modifies  certain  properties  at  the  bodies  produced  by  Na- 
ture. Natural  productions^  modifi^  or  altered  by  the  as- 
sistance of  art,  are  called  artf/kiai  prodttetknu.  A  tree  is  a 
natural  production ;  a  table,  into  the  form  of  which  the 
wood  of  the  tree  has  been  ftshioned,  is  an  artificial  pro- 
duction* If  a  gem  undeqioes  a  chemical  analysis,  it  ceases 
by  that  process  to  be  a  natural  production.  If  it  is  cut 
and  polished,  abstraction  being  made  of  its  ardfidal  form, 
it  stQl  must  be  considered  as  a  natural  production ;  whilst, 
in  respect  to  the  form  itself  it  becomes  an  artificial  one. 

§.  5.  DESIGN  07  NAT0BAL  HISTOBY. 

Natural  History  ocmoders  the  natural  produc- 
tions as  they  are,  and  not  how  they  have  been 
formed. 

Natural  History  does  not  inquire  into  the  mode  of  for- 
'  mation  of  natural  productions,  but  only  into  tbeur  natu- 
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ni-historical  properties,  becMue  hefein  eonaiste  the  odIj- 
ol^ect  of  its  considenition.  Yet  this  is  not  oa  acooimt  of 
the  difficulties,  which  attend  the  ezpUmation  of  the  mode 
in  which  natural  productions  have  heen  formed,  but  be- 
cause it  acknowledges  principles,  which  entirelj  exclude  aU 
expbuuitiotu  of  Ait  kind.  Thus  the  principles  of  Natural 
Histozy  fix  the  extent  and  the  limits  of  that  science  ; 
limits  which  it  cannot  tnuugress  without  inconvenience. 
Yet  it  is  not  thereby  too  much  confined,  since  whatever 
maj  thus  be  excluded,  does  not  belong  to  Natural  His- 
tory itself^  but  to  other  sciences.  Every  addition  firom 
these  would  only  serve  to  contaminate  the  fundamental 
principles  of  Natural  History.  It  is  a  matter  of  the  highest 
importance  to  keep  the  sciences  perfectly  distinct  from  eadi 
other,  and  strictly  within  their  respective  limits,  in  order  to 
become  acquainted  with  their  stronger  and  thdr  weaker 
parts,  and  to  assist  wherever  it  should  be  necessary ;  but 
the  philosopher  must  not  possess  them  separately.  The 
sciences  might  be  compared  to  working  toob  set  in  diC. 
fisrent  handles,  and  subservient  to  different  purposes.  The 
imiemgent  naturalist  is  like  an  able  artist,  who  knows  how 
to  employ  them  conformably  to  his  design. 

§.  6.  INDIVIDUALS. 

A  natural  production,  in  as  far  as  it  is  a  single 
body,  and,  as  such,  by  itself  fit  to  be  an  object  of 
natural-historical  consideration,  is  termed  a  Natu^ 
raUHUiorical  Individual. 

Natural  productions,  which  ate  not  individuals,  or  whose 
individuals  are  no  more  recognisable,  may,  nevertheless, 
be  olgects  of  examination,  according  to  the  principles  of 
Natural  History.  The  idea  of  individuality  implies  unity 
of  form ;  and  by  this  an  individual  becomes  an  independ- 
ent whole,  whose  natural-historical  consideration  does  not 
presuppose  the  existence  of,  or  at  least  not  the  con- 
nexion with,  another  individual    In  Natural  History,  a 


f 


§.  7«  IKT&OBUCTION.  8 

tree  is  an  individual;  not  the  trunk,  nor  a  bijmch,  nor 
the  fruit  of  that  tree.  For  the  firtt  of  these  is,  by  itself, 
an  olyect  of  naturaUiistorical  consideration,  the  oUiers 
onlj  in  as  far  as  they  are  parts  of  the  tree. 

In  water  and  other  fluid  bodies,  individuals  are  at  lesst 
not  observable.  Water  and  other  fluid  bodies  produced 
bj  Nature,  though  whole  masses  of  them  (whidi  may, 
nevertheless,  consist  of  individuals)  are  without  individu- 
alitj,  on  all  accounts*  remain  natural  productions,  and,  as 
such,  otjjects  of  Natural  History. 

§•   7.   OBaANIC  AND  INORGANIC    NAT0KAL    FEO- 

DUCTJ0N8. 

The  moBt  conspicuous  difference  which  'presents 
itself  in  Natural  History,  is  that  which  exists  be* 
tween  bodies  either  organic  or  organised^  and  tnor« 
game. 

An  oiganised  body  im  composed  of  aigans ;  that  ia  tossy, 
of  vessels  and  instruments  suitable  to  the  subsistence,  in- 
crement, and  reproduction  of  themselves  and  of  the  whole. 
IXuring  a  certain  variable  period  of  time,  called  Lifiy 
the  oiganised  body  is  beyond  the  reach  of  those  powers 
which  affect  inanimate  matter,  if  removed  from  that  condi- 
tion. Matter,  in  as  fiur  as  it  forms  a  part,  or  is  the  jnro* 
duct,  of  an  oiganised  body,  is  called  organic  matter ;  and 
a  body  consisting  of  it,  an  organic  body.  An  inorganic 
body  consists  of  inanimate  (not  organic)  matter.  Here  the 
powers  actuating  it,  have  finished  their  effect,  and  are 
therefore  in  equilibrium ;  it  exists  in  itself  in  an  invariable 
state,  and  can  be  altered  only  by  external  force.  Certain 
products  of  oiganised  bodies,  as  resins,  &c.  are  not  oiga- 
msed  themselves ;  that  is  to  flay,  do  not  consist  of  oigans ; 
yet  they  do  not  cease  to  be  organic  bodies,  because  they 
consist  of  oiganic  matter.  However,  they  are  not  by 
themselves  objects  of  a  natural-historical  consideration 
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§.  8.  AM1MAL8  AND  PLANTS. 

A  farther  difference  takes  place  among  the  or- 
ganised natural  productions,  depending  upon  their 
mode  of  generation,  subastenoe,  growth,  propaga- 
tion, and  upon  the  quality  and  utilily  of  thdr  or- 
gans. One  part  of  them  are  termed  Animali,  the 
bther  Plants. 

§•  9.  MIKXHALS. 

There  is  no  such  difference  among  the  inorganic 
bodies.  The  inorganic  productions  of  Nature  are 
altogether  comprehended  under  the  name  of  Ou' 
nerab. 

Some  nstunlists  have  attempted  to  introduce  a  diatiae- 
tion  among  the  inoigamc  productloiifl  of  Nature,  similar  to 
that  mentioned  aboye  in  respect  to  the  oi^ganiaed  bodies  ; 
yet  thedtaracters  upon  whidi  tlus  distinction  wasftunded, 
'  do  not  reflsr  to  tiiooe  bodies  themsdvies,  or  to  their  naturd.* 
historical  properties ;  but  arise  merel j  ftam  their  con- 
nexion  with  each  other,  from  local  relations,  Ac;  and 
hence  the  ^Ustinction  itself  is  foreign  to  Natural  Histoiy. 

Those  inoiganic  productions  of  Nature  wliich  have  been 
separated  from  the  mineials,  and  provided  with  a  particular 
name,  are  the  AtmotpheriHoy  or  those  bodies  which  constitute 
the  atmosphere,  in  tlie  same  waj  in  which  the  others  form 
the  solid  parts  of  the  globe.  Agreeably  to  the  preoe£ng 
considerations,  this  dif&renoe,  the  only  one  between  the 
two  classes  of  natural  bodies,  is  quite  inadmiamhie  in  Natu- 
ral History ;  ibr  Natural  Histoiy  does  not  consider  the  na* 
tural  productions  in  so  fiuras  they  constitute  the  solid  mass 
of  the  globe,  or  the  fluid  mass  of  the  atmosphere,  but  in 
so  &r  as,  talcen  separately,  they  possess  certain  natural-his* 
torical  properties.  Hence  the  atmospherilia  cannot  be  se* 
parated  from  tiic  minends.    In  a  subsequent  paragraph  it 
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will  appear,  that  a  duiiiictaon  of  this  kind  would  be  oon* 
iitary  to  the  very  idea  of  a  miaeraL 

The  Wernerian  sdiool  has  applied  the  term  Fontf  to 
those  miiierBlB,  which  constitute  the  solid  part  of  our  globe. 
CottunoDly  this  name  is  given  to  the  remaiiiB  of  oigsnic 
bodies,  which  an  dug  out  fiom  the  earth,  as  ^  ftssil  wood, 
ffassil  booes^  Ac"  and  tiiis  is  indeed  the  right  use  of  the 
espressiim.  The  name  of  a  fbssil  becomes  entirelj  imip- 
plicable,  i^  agreeabi^  to  the  principles  of  Natural  History, 
the  atmospherilia  are  united  with  theminerals:  Moreover, 
the  meteoric  masses  of  Iron,  being  the  only  varieties  we 
know,  of  the  q)ecie8  of  octahedral  Iron,  cannot  be  called 
fiMoil  bodies. 

§.  10.  KATUUAL  KI1IIGDOM8. 

Natural  Hbtory  oonaders  the  difierenoes  meiw 
tjoned  in  §.  §.  8.  and  9.9  as  the  foundation  of  £y]^ 
ding  the  natural  productions.  Each  member  of  this 
division  is  called  a  Kingdom.  That  cQvision  which 
oomprebends  the  animals  is  termed  the  Animal; 
that  idiich  contains  the  plants,  the  VegekMe  ;  and 
that  which  comprises  the  minerals,  the  Mineral 
Kingdom^ 

§.  11.  nXYISXOM  OF  VATOBAL  HISTOBT. 

'  The  distinction  among  the  natural  productions, 
in§.  10.,  has  occasioned  a  diTOion  of  Natural  His- 
tory,  acoordiqg  to  these  three  Kingdoms*  Tliat 
part  of  Natural  History  which  considers  the  Ani* 
mal  Kingdom,  is  called  Zoology ;  that  which  oqq- 
aders  the  Vegetable  Kingdom,  Botany;  and  that 
whoae  object  is  the  Mineral  Kingdom^  Mineralogy^ 
or  the  Natiunl  History  of  the  Mineral  Kingdom. 
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Tbif  d^viaioD  of  Natunl  History,  is  founded  upon  the 
difference  of  the  objects,  to  which  the  angle  ports  of  that 
sdenoe  refer.  It  has  no  influence  upon  the  principles  and 
upon  the  method  i  or,  properly  speaking,  it  is  not  a  conse- 
quenoe  horn  these,  vhicfa  ape  identical  for  all  the  three 
parts  of  Natural  Historf. 

There  is,  however,  another  division  required  -in  Natural 
History,  which  does  not  depend  upon  difierenoes  among 
the  olijects  considered,  but  is  founded  upon  the  being  of 
the  scienoe,  aad  is  therefore  equally  applicable  in  Zoology, 
in  Botany,  und  in  IlCinendqgy*  This  is  the  division  in 
Deiermhative  and  Dacripthe  Natural  History,  whidi  will 
be  explained  more  folly  hereafter.  It  appears  fixnn  the  pre- 
ceding observations,  that  respecting  the  mineral  kingdom, 
Anorganographif  does  not  signify  the  same  as  Mineralogy, 
but  applies  merely  to  the  descriptive  part  of  it.  Orjfcieg* 
^fD^y  however,  means  the  doctrine  of  what  is  dug  out  of 
the  earth,  that  is  to  say,  according  to  the  mode  of  expres- 
sion mentioned  in  §.  9.,  of  the  fossils,  and  cannot  thereQne 
be  applied  with- more  propriety  than  the  otiher,  to  the  Na- 
tural History  of  the  Mineral  Kingdom. 

Mineralogy,  or  the  Natural  History  of  the  Mineral 
Kingdom,  does  not  allow  of  any  other  subdivision  than 
^hat  which  has  just  been  considered.  Hence  Geology  is 
not  a  part  of  Mineralogy,  but  of  Physical  Astronomy ; 
Mineralogical  Chemistry  is  not  a  part  of  Mineralogy,  but 
of  Chemistry ;  Economical  Mineralogy  is  not  a  part  of 
Mineralogy,  but  of  Economy  $  nor  is  Mineralogical  Geo- 
graphy a  part  of  Mineralogy,  but  of  Physical  Geogrq>hy» 
which  belongs  to  Physical  Astronofny. 

§.  12.  PRINCIPAL  READS  OF  NATUEAL  HISTOBT. 

The  method  of  Natural  History  in  general,  and 
each  of  its  departments  in  particular,  b  develop* 
ed  under  the  following  heads :  1.  Terminology^ 
%  Theory  of  {he  System^  S.  Nomenclature^  4.  Ctuc^ 
raderisiicy  6.  Physiography. 
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If  this  be^fiBeoted  in  a  general  waj  fiir  all  the  three  king* 
dome,  it  produces  the  method  of  Natural  History  Ut  gencm 
raif  if  applied  to  each  of  them,  it  iphrea  the  method  of  the 
Natural  Hiatorj'of  the  kingdom  concerned. 

Aa  jet,  the  method  of  Natural  History  in  genend,  has 
not  been  treated  of  sepantelj,  nor  is  it  an  ol^fect  whidi 
leqniies  to  be  more  drcomstantiallj  develop^  in  the  pre- 
sent place.  This  method  WQuld  be  fer  the  whole  compass 
of  the  productions  of  Nature,  what  the  Philosophia  Botanica 
of  linneus  is  fin:  the  vegetable  kingdom.* 

The  method  of  the  Natttrsl  History  of  any  partScpIar 
kingdom,  is  contained  in  that  of  Natund  History  in  gene* 
zal,  aod  diffiezs  from  the  method  of  the  other  kiz^^m, 
only  by  its  bdng  applied  to  different  bodies.  This  wiXL  be 
perfectly  evident,  if  we  reflect  that  the  different  parts  of 
Natund  History  could  not  be  parts  of  one  and  the  same 
science,  should  thdr  methods  be  different  Indeed,  the 
method  according  to  which  the  aggregate  of  varions  infor« 
mation,  commonly  called  Mineralogy,  has  hitherto  been 
treated,  is  difiereot  from  the  metliod  of  Natural  History 
in  geneniL  Mineralogy,  however,  treated  in  this  manner, 
is  not  the  Natural  History  of  the  Mineral  Kingdom,  but 
b  a  compound  not  contained  within  a  single  science,  and 
whicfa  altogether  cannot  be  traced  to  constant  principlea^ 
by  any  regular  process  of  reasoning.    - 

§•  13.  TSBMIMOLOGY. 

Termiqology  is  the  explanation  of  the  natural* 
historical  properties,  in  as  far  as  they  are  employed 
in  recognising,  distinguishing,  and  describing  the 
productions  of  Nature,  and  in  developing  those 
general  ideas^  which  the  method  requires. 

Terminology  teaches  the  language  adapted  to  the  pecu* 
liar  use  of  the  science,  and  explains  the  meaning  of  what 
has  been  called  the  Teehnkai  Terms. 

In  this  sdentific  knguage,  fixed  expressions  are  connect- 
ed with  accurately  determined  ideas,  and,  vice  verta^  accu- 
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ratelj  determined  ideas  with  fixed  expressionB.  It  is  ag 
necessarj  in  Natural  Hifltoiy,  as  it  is  in  Geometiy ;  and  it 
may  be  said  to  be  in  respect  to  the  fimner,  what  the  Befi^ 
nitions  are  in  respect  to  tlie  latter.  In  Natural  Histoiy, 
however,  the  Terminologj  has  to  surmount  many  more 
difficulties  than  in  Geometry,  since  it  refers  prlndpaUj 
to  empiric  notions.  Hence,  the  more  geometrical  ideas  can 
be  introduced  into  the  nuneralpgical  Terminologj,  the 
greater  advantage  will  be  obtained;  because,  by  this  means, 
its  explanations  will  approach  the  nearer  to  tiie  cluunacter 
of  geometrical  definitions.  None  of  the  other  parts  of 
Natural  History  allow  of  the  introduction  of  geometrical 
Ideas  to  so  great  an  extent  as  the  Natural  History  of  the 
Mineral  Kingdom* 

§•  IL  THEORY  OF  THE  SmBX. 

The  Theory  of  the  System  determines  the  idea 
of  the  Species  in  Natural  History.  It  fixes  the 
prindple  of  classification ;  and  upon  the  idea  of 
the  spedes,  it  founds,  according  to  this  principle, 
the  ideas  of  the  GenuSy  the  Order^  the  Claee^  and 
the  Kingdom^  in  both  the  natural  and  the  arHficial 
systems ;  the  diderence  of  these  it  likewise  indi- 
cates  and  explains.  Lastly,  by  applying  all  these 
ideas  to  Nature,  the  outline  of  the  system  thus  con- 
structed, is  furnished  with  its  contents,  in  confor* 
mity  to  our  knowledge  of  the  productions  of  Natuie^ 
as  obtained  from  immediate  observation. 

The  Theory  of  the  System  containa  the  xwsoniiig^  q^ 
philoiophical  part  of  the  science,  and  conabts  in  the  pro. 
duetion  of  ideas  of  a  greater  extent,  Uian  those  derived 
immediately  from  observation.  These  are  the  ideas  men- 
tioned above.  The  fundamental  proposition,  in  this  part 
of  the  science,  is  the  foUowbg :   AU  things  are  identkal 
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tpftfoft,  in  tfMr  mOurai  siaU{^9,)y  do  noi i^fir  Jhmeach  other 
im  my  qf  their  properties  ;  and  this  may  be  coosidefied  as  an 
▲zioin  in  Natural  HS8Ulr]^  TbismodeofTeaaoningbcoin. 
mon  to  all  the  three  parts  of  the  scienGe.  Tbereoocur, 
bowerery  difierenoes  in  respect  to  the  appticatiim  of  these 
Ideas  to  Nature.  They  arise  out  of  the  difenent  quaUtiea 
of  the  natnnl  produetioiis  contained  in  each  of  the  King* 
doms* 

Tiie  poflsibUity  of  introdudng  mathematical  ideas  into 
the  Tenninolpgy  of  the  Mineral  Kingdom,  is  particularlj 
iMnefidal  to  the  establidmient  of  these  83firtemattc  ideas, 
in  as  tnikh  as  thdr  precision,  in  some  measure,  extends  to 
the  latter  t  and  imparts  to  the  most  important  of  them 
all,  to  the  Idea  of  the  Species,  a  degree  of  evidence,  which 
seems  to  he  wanting  in  the  other  kingdoms,  both  vegetable 
and  animal,  and  which  it  ia  scarcely  posi&ble  to  snpexsede 
by  any  other  conmdentions.  In  this  part  of  Natural  His. 
tory,  the  Theory  of  the  System  takes  the  place  of  tha 
Axioms  and  "Aieorems  of  Geometry. 

The  name  of  Claet^leation  baa  been  sometimes  spplied 
to  the  systematic  reasonings  in  Natural  Histoiy.  Yet, 
properiy  speaking,  classification  is  only  that  part  of  the 
Theoiy  of  the  System  which  re&rs  to  the  idea  of  genen, 
orders,  Ac.  under  which  the  species  ahaU  be  fimdly  ar« 
ranged,  and  in  th&x  plication  to  Nature* 

§.  15.  VOMBVCLATtTBE. 

Nomenclature,  is  the  assemUage  of  rules,  ac- 
cording to  which  Names  and  DenominaHons  are 
applied  to  natural  productbns.  By  these  names 
and  denominations,  the  ideas  of  the  system  are 
fixed;  or  the  one  can  be  substituted  as  representa- 
tives instead  of  the  other. 

The  scientific  nomenclature  in  Natural  Histoiy  is  »y*te^ 
meikoL  Any  nomenclature,  not  systematical,  is  termed  a 
trivial  nomenclature,  and  does  not  belong  to  the  sdence* 
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The  neeeaatj  of  a  s/Bteiiiatic  nomenclature  in  Natuxal 
Hiatory  needs  no  demonstration.  FmrndametUum  JBotamket 
dftplex  ett:  DUpotUh  et  Demminat^  Liini.  PhiL  Bot. 
161.  The  systematical  nomenclature  is  the  base  upon 
which  the  ezistence  and  the  progress  of  the  science  is 
founded,  which,  without  it,  must  ftll  into  confhsion.  This 
is  more  obfvious,  indeed^  in  Zoology  and  Botanj,  than  in 
Mmeralogj,  jet  bj  no  mesns  less  true  in  this  part  of 
Natural  History,  ss  \»  suffidentij  proved  by  long  conti^ 
nued  experience. 

No  systematical  nomendatuie  has  hitherto  eadsted  in 
Mineralogy  (  and  even  the  fragments  of  it^  to  be  met  with 
here  and  there,  do  not  deserve  4iu'  attention,  becanse  thej 
refer  to  systems  foreign  to  ^i^wsl  Histoiy. 

Trivial  names*  are  not  fit  for  any  scientific  use,bttt4liej 
are  very  convenient  for  compoii  usage,  particularly  if  they 
are  well  chooen. 

§<  16.  CHAEACTEEI8TIC* 

The  Characteristic  furnishes  us  with  the  peculiar 
terms  or  marks,  bj  which  we  are  able  to  distinguish 
objects  from  each  other,  in  so  far  as  they  are  com- 
prehended in  the  ideas  established  by  the  Theory 
of  the  System.  The  Characteristic  is  peculiar  to 
the Detertninaiive pari  ofNaiural History  (§.  II.). 

^  The  Chsracteristic  presupposes  the  genenl  notions  or 
ideas  of  Natural  History  to  have  been  developed  andappU* 
ed  to  the  data  of  observation,  and  therefore  is  not  the 
source  of  these  ideas,  nor  of  any  other.  The  natural-his- 
torical  properties,  or  those  assemblages  of  them,  by  which 
we  can  diMngtAth  the  diflfeient  species  of  one  genus,  the 
different  genera  of  one  order,  the  different  orders  of  one 


*  What  Linnaeus  caUs  trivial  names,  will  be  expbuned  in 
its  proper  place. 
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da«,  the  diffisfieiit  daaaes  ai  one  kbgdom,  we  tamed 
Chandersf  while  the  nngle  properties  made  useof^or  con- 
tauied  in  lhell^  are  ctlled  thor  CAofwteriiCfc  teriiM  or  flMrlc^ 
The  C3i«ncteristicis  intunaidjeoniieeied  with,  and  indeed 
pseeuppoees  the  existence  of  the  system.  A  diaractes  xe* 
foriiigCoa  netuzal  sjstem  is  called  a  natmnU  CharmcUry  and 
one  which  i«fen  to  an  artificial  STStem,  an  ar^fkiai  Cho' 
rtuter* 

Hitherto  ihefehasoever  existed  a  Chaneteiistie  in  Mi* 
nenlogy,  nor  was  it  even  possible  to  be  successfiil  in  the 
attempt  of  ita  coostruction ;  because  there  never  has  been 
a  ^steni,  to  which  a  Choaetetistic  oonld  have  been  applied. 

§•  17.  PHTlflOOEAPHT* 

Phyaography  is  the  description  of  natural  pro- 
ductions^ and  consists  in  the  enumeration  of  all 
th^  natural^historieal  properties.  Fby  ric^rophy  is 
peculiar  to  the  Descriptive  part  of  Natural  Hit* 
iory  (§.  11.). 

Ikt^infOoett  Mkupbnite  character  fkOuraOij  q^A  ducHbat 
omnes  ejtudem  fortet  extenuu,.   Lutk.  Phil.  Bot.  320. 

Fh jsiograph J  is  intended  to  produce,  bj  its  deacriptionsy 
a  distinct  image  of  the  natural  productions.  If  considered 
as  a  mere  description,  the  object  of  Physiography  is  the 
individual  (§.  6.) ;  and  these  descriptions  do  not  require 
any  thing  but  Terminology,  and  the  correct  idea  of  Natu- 
ral History  itselt  No  systematical  ideas  are  wanted,  and 
any  names  may  be  employed,  if  they  be  only  fit  to  be  kept 
in  a  constant,  thou^  In  itself  arbitrary,  reference  to  the 
object  described.  Very  little  advantage,  however,  is  deriv- 
ed  from  such  descriptions,  for  the  Natural  History  of  the 
Mineral  Kingdom.  In  order  to  answer  the  purposes  of 
Physiography,  their  object  must  be  the  Species ;  and  tfaie 
result  obtuned  by  that  means,  is  the  CoUeetive  or  General 
DeecripiUm  of  the  species,  which  unites  in  itself  the  descrip- 
tion of  all  its  individuals  or  varieties.  Under  this  supposi- 
tion, it  requires  also  a  correct  notion  of  the  natuml-his- 
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torical  qieciflt.  But  nnee  Pbjnriogniihj  k  eatirety  inde- 
pendent of  the  fystam,  and  conaequentlj  alao*  of  the 
tystemitie  nomendatiue ;  the  genexal  detcriptians  will  be 
■ppEcafale  to  anj  sjatem,  pravided  the  tennindi^  employ- 
ed be  mffldeiillj  acouiBte.  Anj  nomenclature  can  be 
made  uae  of  in  thia  part  of  the  adenoa,  becaoae  theazbitiazy 
namea  in  eveiy  inatailce  can  eaail j  be  eEcfaanged  fiir  the 
gyitematic  denominations  The  Deacr^tive  part  of  Hi. 
neialogy  haa  been  hitherto  the  only  one,  towaida  whidi  the 
lahouia  of  natuiaUata  haye  been  directed ;  and  it  la  aoiely 
to  them  that  we  are  indebted  ftr  the  progieaa  of  our  iafiir- 
nation  leapecting  the  pvoducta  of  inorganic  Nature. 

To  the  Deacriptiye  part  of  liCneialogy  must  be  reibrred 
all  thoee  roprcacntationii  of  the  digecta,  aadzawinga,  modela, 
Ac  which  are  executed  with  the  view  of  giving  a  more  com- 
prehenaive  idea  of  theae  oljjectB  themaelyea}  but  they  belong 
to  Terminolpgy,  if  they  are  intended  to  ducidate  certain 
pttf^'^*''  propertiea  of  the  mineiala,  aa  the  drawingi  and 
models  in  Cryrtalkgraphy,  which  are  employed  for  the  sake 
of  developing  the  whole  theory  of  Cryatalliaatioii* 

§•  18.  IDEA  OF  KATUftAL^HISTOET. 

Natural  Historj  is  the  sdence,  which  enables 
US  to  find  the  Systematic  Denomination  c£  any 
natural  production  (§.  8.),  if  its  Natural-Histori- 
cal Properties  be  g^ven  or  known ;  and,  vice  versa^ 
from  the  Penomination  being  given,  to  find  the 
Natural  Quality  of  a  body.  Mineralogy  being  one 
of  the  three  departments  of  Natural  History,  is . 
the  same  to  the  Mineral  Kingdom  (§.  10«),  as 
Natural  History  in  general|  is  to  the  whole  material 
Nature  (§.  2.). 

L^  atfit  mutuo  noicaiur  planta  ex  nomne  et  nomem  €x 
pknUa;  utrmnjue  ex  ptvprio  fMraeteret  <a  iOo  fcH/tfo,  to 
hoc  dcUncmf  tcrtm  non  admittatur.  htiKv,  PhiL  Bot.  S61. 


§.  19.  IMTRODUCTXON^  lA 

Hence  the  appUcation  of  Naiunl  Histoiy,  to  the  objecto 
of  obaervatioo,  eesentiaUy  oonabts  in  the  prooeM  of  con« 
necting  the  natuxaLihiatorical  properties  of  the  netmal  pro- 
ductions  with  thrir  systematic  dtmommstiflns ;  or,  on  the 
coatxwj,  in  that  of  joimng  the  denominallons  with  the 
indiTidual  or  coUectiTe  descriptioiis  (§.  17.>  The  fint  le- 
qyane  the  assistonce  of  the  System  and  of  the  Gharao* 
tenstic;  the  other  can  be  immediately  effected,  and  does 
not  require  the  application  of  a  particular  prooeediiv* 

From  the  manner  in  which  JIGnezalogy  has  hitherto  been 
treated,  it  was  impossible  to  obtain  any  other  but  an  on- 
pMcal  knowledge  ot  Minexals,  which  oonsisfeB  in  the  re« 
coUectiaa  of  haymg  aliesdy  met  with  a  mnilar  olgect,  to 
which  a  certain  aibitraiy  name  had  been  given* 

It  is  Tety  difBcnlt  to  attain  a  correct  knowledge  of  the 
productions  of  the  Mineral  Kingdom,  if  we  confine  our- 
aelres  to  empiridem*  Besides,  it  is  a  waste  of  time,  and 
the  infimnation  thus  acquired,  is  at  the  best  uncertain. 
The  bad  consequences  of  having  chosen  an  unscientific 
mode  of  pneeedii^  of  this  kind,  ineieases  with  the  actual 
enlargement  €i  our  inibrmation,  in  respect  to  the  produc- 
tions of  inoKganic  Nature* 

§.  19.  METHOD  OF  STUDYIKO  THE  NATURAL 
HI8T0BT  OF  THE  MINERAL  KINGDOM. 

The  only  scientific  way  of  studying  Mineralogy 
is,  to  proceed  according  to  the  principles,  and  con- 
formably to  the  method  of  the  science  itself.  This 
requires  some  practice  in  i^veral  observations^  re- 
lative to  certain  properties  o(  Minerals ;  it  presup* 
poses  some  acquaintance  with  the  mathematics ;  and 
a  little  tmtion  wiU  greatly  facilitate  its  application. 

Every  person  who  intends  to  acquire  solid  information 
in  Mineralogy,  must  endeavour  to  become  conversant 


16  iNTEOBUCTiay.  §.  19. 

with  Uie  principles  of  Natuial  Hiatory ;  without  which,  it 
ia  hut  too  easj  to  ^itsa  the  way  to  its  attainment  An« 
other  yeiy  material  ohject  ia  the  eonect  application  of 
thAe  principles  to  the  Hfinend  Kingdom ;  to  the  hest 
and  most  perfect  instrument  is  of  no  utility  to  those  who 
are  not  acqiudnted  with  its  employment. 
*  Lastly^  a  certain  degree  of  sidll  la  required  m  recog- 
nising and  finding  out  the  connexion  of  those  forms  whidi, 
in  Minenlogy,  are  called  regular.  In  order  to  ftcilitate 
the  acquisition  of  this,  some  mathematical  knowledge  is  ne- 


After  having  become  suffidently  acquainted  with  Ter- 
minology, the  surest  and  shortest  way  for  the  beghmer 
to  proceed,  is  to  apply  at  once  to  Nature  itsel£  This  may 
be  efibcted  by  means  of  the  Chaiacteristic,  which,  accor- 
ding to  the  rules  laid  down,  under  the  fiiUith  Head,  must 
be  employed  in  order  to  acquire  a  certain  degree  of  prac- 
tice, in  the  determination  of  indiTiduals  oecuning  in  Na- 
ture. This  leads  to  an  intimate  acquaintance  with  the 
minutest  details,  and  thus  becomes  the  basis  of  inibrma- 
tion  of  greater  extent. 

If  the  student  has  an  opportunity  dT  eiamining  well 
arranged  collections,  he  will  be  enabled  to  acquire  general 
ideas,  and  form  general  views,  in  a  much  shorter  period 
of  time  than  would  be  possible  by  the  comparatively  slow, 
yet  detailed  and  sure  processes  of  the  Determinative  part 
of  Minenlogy.  In  collections  of  this  kind,  the  determina- 
tion of  the  species  must  be  correct,  and  their  arrangement 
conformable  to  the  general  principles  of  Natural  History. 
Collections  otherwise  arranged,  can  be  of  little  use  to  the 
beginner ;  on  tlie  contraiy,  they  may  be  prejudicial  to  his 
fiiture  progress,  in  as  much  as  they  confoimd  Ins  ideaa; 
and  indeed  they  may  be  said  to  be  useful  only  to  those,  who 
wish  to  enlarge  their  information,  by  observation  and  in« 
quiry. 

There  exist  but  few  Minenilogical  works,  which  can  pro- 
perly be  recommended  to  a  beginner.  The  following  enu- 
meration contains  those  most  useful  for  this  purpose. 
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FOB  TBS  STUBT  OF  TB&XIVOLOOT. 

Vim  den  sunerlichen  Kennzeicfaexi  der  Foasilieii,  Ton  A.  O. 
Werner.  Leipzig.  177^  This  wcnk  has  been  tranalated 
into  flereral  languagei.  It  has  been  translated  into  £ng. 
liah,  under  the  title  o£— 

A  Tzeatise  on  the  External  Chaincten  of Poasils^  of  Abraham 
Gottlob  Werner,  by  Thomas  Weaver.    Dublin.  1806. 

A  Treatise  on  the  External,  Chemical,  and  Fhjrsical  Cha- 
racters  of  Minerals,  bj  Bobert  Jameson.  Second  Edi- 
tion.   Edinbuz]^  1816. 

Cristallographie,  ou  Description  des  Formes  Propres  k  tous 
les  Corps  du  'BJ^gae  Min^reL  Arec  Figures  et  Tableaux 
Synoptiques  de  tous  les  Cristaux  connus.  Far  M.  de 
Bom^  de  lisle.    2de  Edition.    Paris.  1783. 

Traits  de  Mineralogie,  par  le  O".  HaUy,  &c.  En  dnq 
Tolnmes,  dont  un  contient  86  plsnches.    Paris.  1801. 

De  la  Cristallisation  consid^r^  g^m^triquement  et  phy. 
siquement;  ou  Traits  abr^g^  de  Cristallographie,  9uu 
Par  A.  J.  M.  Brochant  de  VillierB.    Strasbouig.  1819. 

Versuch  eines  ABC  Buchs  der  Kiystallkunde  Ton  Karl 
von  Baumer.    Berlin.  1820. 

Nachtrage  2u  dem  ABC  Buche  der  Krystallkimde  von 
"KmA  Yon  Baumer.    Berlin*  1821. 

Various  Memoirs  in  the  Journal  and  the  Annales  des 
Mines,  &c.  by  Messrs  HaUy,  Monteiro,  &c  Also  in  the 
Memoirs  of  the  Academy  and  the  Society  of  Berlin,  in 
the  Journal  fur  Chemie  und  Physik  of  Schweigger,  &c* 
by  Messrs  Weiss,  Bemhardi,  Ac. 

Since  the  ori|^nal  publication  of  this  woric  in  German,  there 
has  appeared 

A  Familiar  Introduction  to  Crystallography ;  by  Heniy 
James  Brooke.    London.  1829. 

rO&  TBS  STtrBT  O^  tCne  tflXOBT  OF  TBX  ST8TKX. 

Caroli  limuei  Philosophia  Botanica,  Ac.    Holmie.  1781. 

Des  Caract^res  Ext^rieurs  des  Min^raux,  ou  exi8te-t41 
dans  les  Substances  du  B^e  Mineral  des  Caxact^res 
qu^on  puisse  r^srder  conune  sp^dflques,  &c.  Par  M. 
de  Bom^  de  I'Isle.    Paris.  1784. 

TOL.  I.  B 
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Most  of  the  works  relating  to  the  sulject  of  the  Mmeial 
System,  and  Classiiication  in  general,  require  the  utmost 
attention  on  the  part  of  the  beginner,  who  intends  to  per- 
use them. 

As  to  the  principles  of  Nomenclature  and  the  C3iaracte- 
ristic,  the  studj  of  the  works  of  Linnaeus  is  particularly  to 
be  recommended,  and,  above  all,  of  his  Philosophia  Bota- 
nica  and  Critica  Botanica. 

In  the  second  volume  of  this  Treatise,  those  works  are 
quoted,  which  regard  the  Descriptive  part  of  Mineralogy, 
and  which  partly  also  have  been  referred  to  in  the  descrip. 
tions  of  the  single  species. 


PART  I. 


TERMINOLOGY. 


OKmUAL  COJrSIDEBATIOir  OF  miTEEiaS.  TBZJB  OXflTIKCw 
tlOir  IJTTO  UXPLS,  COHPOUin)}  Aim  MXXXB.  DVnnoV  OF 
TBJEIB  KATUmAL-HlSTORICAL  PROPERTIES. 

§.  80.   POWER  OF  CBY8TALLISATIOK,  AW0  ITS  PRO- 
DUCTS. 

That  power  which  produces  the  indmdual  (§.  6.) 
in  the  Mineral  Kingdom,  is  termed  the  Power  of 
CryHaJlisatlaft, 

TUs  mme  lAs  bden  applied,  biediuse  tbe  most  eminent 
snd  perfect  jprodoetions  of  timt  power  are  CiTstals  (§.  26.). 
The  power  of  CiyrtaDiftrtion  la  included  in  the  generaT 
idea  of  tbe  IndhUvaHring'  power,  wfaibh  tenda  to'  produce' 
imfiTiduala  in  an  the  three  kingdoma  of  nature;  and  which 
refers  equally  well  Ur  regular  oyatals,  and  to  such  indivi- 
dub  of  the  minenl  kingdom,  as  are  produced  by  the  power 
of  crjataUiaation,  although  they  are  not  crystals  them- 
adves,  as  will  be  shewn  in  another  part  of  this  work. 

Individuality  does  not  require  fegUkrity,  but  it  implied 
unity  of  ferm  (§.  6.).  An  indiridual,  whatever  may  be  its 
fenn,  fills  the  qiaoe  occtefned  by  that  fbrm,  with  a  certain 
matter  (§•  28.),  and  thus  it  represents  a  whole,  being  co- 
herent in  itself^  and  limited  towards  the  outside.  For  this 
reason,  the  individual  is  a  single  body,  and,  as  such,  by  it- 
self a  fit  object  for  the  consideration  of  Natural  Histoiy. 

When  minerals  pass  into  the  state  of  individuality,  they 
a  the  aaaie  time  ako  endowed  with  the  rest  of  those  natu-^ 
Til-hiatoEiDal  propertiea  which  are  fetvMut  to  theia  in  that 
state  of  dhtlnct  existence;  and  hence  theae  properties 
tettst  likewise  be  considered  as  produced  by  the  power  of 
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ciTrtalluatioEu  The  uaemblage  of  thoae  propertieB,  is  the 
minenl,  or  the  natural  production  itself;  at  least,  in  as 
fiur  as  it  is  an  object  of  Natural  History. 

Minerals,  upon  which  the  power  of  OTstaUisation  has 
not  exercised  its  action,  are  without  individuality,  and 
therefore  do  not  possess  any  of  the  properties  connected 
with  this  state  of  existence.  They  want  unity  of  space ; 
they  are  not  single  bodies,  and,  as  such,  by  themselves  fit 
olgects  of  Natural  History.  As  mere  shapeless  masses, 
with  certain  inherent  properties,  they  can  be  considered  as 
olgects  of  Natural  History,  only  because  they  are  natural 
productions  (g.  4.). 

Temperature  has  a  great  influence  over  the  power  of 
ciystaUisation.  Several  minerals,  as  water,  fluid  mercury, 
Ac  pass  into  the  state  of  individuality,  and  beoome  solid, 
if  the  degree  of  temperature  be  sufi&aently  reduced ;  on 
the  contrary,  by  an  inerease  of  temperature,  hexahedral 
silver,  octahedral  bismuth,  &e.  leave  this  state,  and  become 
liquid,  and  others  elastic.*  For  that  reason,  in  treating  of 
Natural  History,  it  is  necessary  to  fix  the  degree  of  tenu 
perature  in  whidi  the  productions  of  the  mineral  kingdom 
are  considered;  and  this  is  the  ordimary  temperature,  at 
which  water  is  fluid,  and  the  most  fiisible  crystals  are  solkLi* 

§•  21.  MIKBBAL8  DECOMPOSED  AKD  IMPBEFECTLr 

fOEMSD. 

The  productions  of  the  power  of  crystallisatioa 
continue  to  be  objects  of  natural-historical  conside- 
ration, so  long  as  they  retain  the  properties  pecu- 
liar to  them,  which  thcjr  have  derived  from  the  ac- 
tion  of  this  power.    By  the  loss  of  some  or  of  seve- 

*  If  the  change  produced  on  a  mineral  by  the  application 
of  heat,  affects  more  than  the  mere  state  of  aggregation, 
the  consideration  of  this  change  nudces  part  of  anotbsr  so- 
enoe,  and  has  no  reference  to  Natural  History. 

+  This  is  the  reason  why  water,aad  notice, ' 
a  place  in  the  system. 
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ml  of  these  properties,  they  cea»e  to  be  suitable  ob. 
jects  for  the  oonrideration  of  Natural  History. 

A  nunml  poaaessed  of  the  properties  it  xeoeiTcd  from  the 
power  of  cTTstaUiflation,  is  in  its  natund  or  ori^nd  gtate 
(§.  3.)l  a  minerBl  which  has  lost  these  properties  more  or 
]eai»  is  deomiposed,  and  ceases  to  be  an  ol^ject  of  natmil* 
historical  consideratioD. 

Minerals  thoroughlj  decomposed  commonly  appear  in 
the  form  of  powder,  or  as  shitless  masses,  without  present^ 
inganj  regular  Btnictnre,  or  lustre,  or  determined  and  con- 
stant d^pnees  of  hardness  or  spectdc  gnvity;  and  the  co- 
hesion of  their  particles  is  destroyed.  Thej  Ibrm  part  of 
the  JHdkiU  or  eairik$  minerals.  An  yrawple  of  an  earth j 
mineral  we  have  m  PorceUdn-earUi,  a  substance  produced  bj 
the  decomposition  of  prismatic  Feld-spar.*  The  decompo- 
sition of  minerals,  however,  does  not  in  all  cases  proceed  so 
fitf.  Some  minerals  retain  thdr  form,  whilst  cdour,  lustre^ 
hardness,  ftc  are  changed ;  as  in  several  varieties  of  heza- 
hedial  and  prismatic  Iron-pjiites.  All,  even  the  sUgfatest, 
of  these  alterations,  exercise  an  influence  upon  the  natural- 
historical  consideration  of  those  bodicsL  It  is  in  direct  oppo- 
sition to  the  principles  of  Natural  Histoij,  to  considar  de- 
composed varieties  of  one  species,  as  varieties  of  another; 
but  this,  nevertheless,  has  been  but  too  often  the  case  in 
Mineralogj.  Thus,  decomposed  varieties  of  henhedral  and 
prismatic  Iron-pjrites,  and  of  biadiytjpous  Faxachroae- 
barjte,  have  been  Ud^en  for  varieties  of  prismatic  Iron-ore. 
In  most  cases  it  is  posnbie  to  determino  what  the  decom- 
posed nnnerals  have  been  in  their  natural  or  original  state^, 
thouf^  indeed,  for  that  purpose,  we  have  often  to  recur  to 
considerations  foreign  to  Natural  History. 

It  seenfs  that  the  substance  of  several  minerals  has,  in 
the  period  of  their  formation,  not  arrived  at  that  state  of 
perfection  which  distinguishes  the  finished  productions  of 

"  Another  dass  of  friable  minerals  consists  of  very  smaU 
fragments  of  crystals,  and  grains  of  fresh  or  not  decomposed 
minends.    Su<m  are  fine  sand,  4kC 
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ciyitaUkatioiL  In  respect  to  Natural  History,  they  muat 
be  dassed  with  those  which  are  decomposed.  Minenls  im* 
petfbctly  formed,  may  be  compared  to  animals  or  planta 
mutikted,  d^/tcHvCy  moiufrofw  ;  while  those  that  are  decom- 
j^osed^  having  ceased  to  retain  their  oiigiual  state,  maj  be 
pompared  to  the  animal  or  ^he  plant  which  has  ceoied  la 
Hm.  Thej  may  eluddate  Acts,  both  in  Zoology  aii4  Bo- 
tany, tbou^  in  that  state  they  are  not  in  themaelves  ob;- 
Jects  c£  inquiry  in  Natural  History.  It  is  therefiire  per- 
fectly evident,  thi^  the  distinction  introduced  by  some 
naturalists  among  minerals,  into  crystallised,  cEystalline^ 
and  amorphous  depends  upon  accidental  circumstances  in 
the  fi^nnation  of  these  bodies;  and,  theie&re,  is  not  esKn- 
tiaL  . 

§.  22.  8IBCPLE  MINEBAL. 

A  nuneral  coitMBting  of  one  sin^  indiyiduid^  <» 
(dimiBg  a  port  thereof,  is  termed  a  Simple  Mineral. 

This  is  the  idea  of  a  simple  mineral  in  Natural  History* 
The  simple  mineral  must  be  distinguish wl  from  what  is 
called  ain^de  in  cawnislay ;  and,  likewise,  from  what  Mi- 
:.  nenkgistfl  oommonly  call  simple.  The  last  frequently 
oonsista  of  several  individuals,  and  is  therefore  not  simple 
in  the  aense  of  Natural  Histoiy.  Eyamplps  of  simple  mi- 
nerals axe  crystals  and  grsins  of  dodecahedral  Garnet,  or 
of  oetdiedral  Diamond.  The  particles  of  which  gcanulsr 
Zimesfcone  is  coaqwsed,  are  each  simple  minerals  belong- 
ing to  the  species  of  rhombohedral  Lime-haloide;  while 
those  of  Cooooiite  are  also  simple  minerals,  belopging  to 
the  species  of  pantomous  Augite-spar,  &c. 

§.  23.  COMPOUND  XIKSEAL. 

A  mineral  consisting  of  more  than  one  indivi- 
dual of  the  same  quality,*  is  termed  a  Compound 

Mineral. 

.11..     J"!     Il.l      ■'!    ■  I    Mil   I      I     ■»     ■    I  I         ■■— 

*  The  term  HofMgtncout  individuals  would  be  more 
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The  oompound  nunelral  connBta  of  flimiile  ones.  It  is 
produced  when  aeTeral  mdividiuls  of  the  aune  qiuditj  are 
formed  in  a  common  ^ace,  either  at  the  same  time,  or  one 
after  the  other ;  one  being  the  support  o^  or  at  least  con. 
tiguous  to  the  other.  It  is,  therefore,  not  one  ample  mi* 
nera],  but  a  composition  of  seueraL  If  many  of  these  mm- 
]0e  »»t«o<^i«  come  into  contact,  tbej  prevent  each  other  mu- 
tiiall/  ftom  assuming  their  regular  £irm.  Compound  mi^ 
nesals,  theiefoie,  which  consist  of  many  simple  ooes^  do 
vol  possess  regttkrity. 
JExamples  of  compound  minerals  are  frequentlj  met  with, 
*  as  in  the  abere  mentioned  varieties  of  rfaombohedral  lime- 
haloide,  and  paiatomous  Augite-spari  also  the  globular 
masses  of  hexahedral  and  prismatic  Inm-pTtites,  and  the 
•talactitic  masses  of  xhombohedral  Quaortz,  called  Caloedony, 
&c  maj  serve  as  examples  of  compound  nunctals. 

§.  ^.   MIXED  MIKEBAL. 

A  mineral^  oonsistiDg  of  sey^al  individuids  of 
diSereat  qualities^  is  termed  a  Mixed  Mineral, 

The  mixed  mineral  consists  of  simple  minerals,  liice  the 
compound.  The  mixed  ndneraiy  as  such,  is  not  an  olgect 
of  Natural  History,  because  its  constituent  pairts,  the  Hm. 
pk  nuneraby  have  already  been  oonaidersd  by  themselyes, 
and  received  their  appropriate  places  in  the  system  of  Na- 
tural History.  For  Uie  same  reason  it  becomes  necessary, 
from  the  principles  of  Natural  History,  jbo  exclude  even  eomm 

exact,  i^  in  the  present  place,  we  could  avail  ourselves  of 
that  expression.  In  order  to  understand  what  is  aaeant 
here.  It  will  be  sufficient  to  conmder  individuals  of  the 
mme  quM^^  to  be  sudi  as  are  conliamed  in  the  fnninijplea 
quoted  in  the  preceding  para^ph  of  rhombohednd  Lune- 
naloide,  and  paratomous  Au^tewspar.  Individuals  cf  M 
Jtrent  quality^  are  such  as  exhibit  notable  ^£ferenoe0in  thsur 
natural-historical  properties;  as,  for  instance.  Granite, 
where  the  component  individuals  of  rhombohednd  Quarts, 
prismatic  Feld-spar,  and  rhombohednd  T9lc»mica,  widely 
differ  in  appearance  and  character. 


.1 
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poiNtd  mherait  from  these  considenitioiis.  It  is  npccwiy, 
however,  to  distinguish  oorrectlj  between  the  simple  and 
the  compound  minerals;  and  since  this  cannot  be  done 
otherwise,  than  by  knowing  all  the  details  respecting  these 
bodies  themselves,  their  consideration  must  not  entireljr  be 
n^lected. 

The  union  among  the  nmple  minerals  in  the  mixed  mi« 
nenl,  is  sometimes  so  dose,  and  the  particles  of  the  mixture 
80  diminutiye,  that  it  becomes  impossible  to  ascertain  their 
reality  bj  simple  ocular  inspection.  Many  Mineralogists 
in  this  case  consider  nuxed  minerals  as  simple,  and  dasB 
them  as  such  in  their  systems.  But  this  ib  not  the  only 
error  of  the  kind,  occurring  in  such  arrangements.  BoUi 
mixed  and  decomposed  minerals  are  by  themselves  no 
longer  otjects  of  the  method ;  yet  there  are  even  suxtoves 
of  decomposed  minends,  which  have  been  introduced  into 
the  systems,  and  to  which  particular  places  have  been 
assigned* 

Examples  of  mixed  minerals  we  have  in  many  varieties 
of  rocks;  in  granite,  gneiss,  porphyry,  ftc  |  alsoinmanyof 
those  masses  whicli  constitute  beds  and  veins.  Examples 
of  close  or  impalpable  mixtures,  are  fi>und  in  Iron-flint 
and  Heliotrope,  both  varieties  of  rhombohednl  Quartz ; 
the  first  of  which  is  mixed  with  oxide  of  iron,  the  other 
with  Green  Earth,  a  variety  of  prismatic  Talc-mica.  Mix* 
tures  of  decomposed  mimrals  we  have  in  Clay,  TeUow 
Earth,  Tripoli,  &c 

§•  26.  DIVISION  OF  THE  NATUBAL-HISTOEICAX. 

PEOPERTIE8. 

The  natural-historical  properties  of  minerab  are 
divided  into ;  1.  such  as  refer  to  simpk ;  8*  such 
as  refer  to  congmifid  minerals;  3.  such  as  are 
common  to  baih. 

The  naturaUhistorical  properties  of  minersls  compre- 
hend their  colour,  the  diflferent  degrees  of  hardness,  the 
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different  kinds  of  lustre^  the  xegiilar  farma,  tlie  dnnim. 
stanoet  and  relatkms,  under  which  the  particles  of  the  in- 
dividuals  can  be  separated  from  each  other.  Sue  ;  because 
these  are  the  properties  of  minerals  exhibited  in  their  na- 
tural state,  and  maj  be  considered  without  producing  any 
change  or  akention  on  the  mineraL 

Properties  which  can  onlj  be  observed  during,  or  after 
a  change,  cannot  be  emplojed  agreeabl/  to  the  principles 
of  Natural  History,  and  must  therefore  be  excluded  fh>m 
Mineralpgy ;  because,  in  observing  them,  we  transit  the 
olgect  itself  from  its  natural  state,  into  another,  in  which  it 
ceases  altogether  to  be  an  object  of  Natural  Histoiy.  Pro- 
perties of  this  kind  are,  the  ftiribilitj  of  minerals  examined 
before  the  blow-pipe,  or  by  the  assistance  of  some  other 
apparatus,  and  the  concomitant  phenomena; — their  solu- 
bility in  adds  ;f— phospihoreeoenoe  produced  by  heat,  it,  after 
the  first  experiment,  it  cannot  be  observed  any  longer  h- 
diemical  analysis  instituted  to  ascertain  the  quality  or  re- 
lative quantity  of  the  component  parts,  and  the  resuUs 
of  that  process :— «very  thing,  in  short,  must  be  exduded, 
which  alten  the  natural  state  of  a  mineraL  There  are 
properties  to  be  met  with  in  minerals  in  their  natural  state, 
which,  although  not  altered  by  examination,  yet  axe  of  no 
utility  in  Natural  History ;  such  as  the  nze  of  ciystals  { 
the  irregular  enkigement,  and  figure  of  some  of  the  fiuxs 
depending  upon  it ;  the  accidental  forms  minerals  assume 
by  bong  broken,  rubbed  down,  water-wom,  decomposed,  &c 
8udi  properties  are  aecidetUaly  because  the  identity  (§.  14.) 
of  the  individual  is  not  destroyed  by  their  occurrence. 

The  naturalphistoiical  properties  indude  the  greater  part 
of  the  characters  commonly  called  extemalj  and  some  of 
those  caDed  phytUcdL 

As  to  the  distribution  of  those  properUes  among  the  diH 
ftient  heads  mentioned  above,  the  first  will  indude  those 
whidi  can  be  observed  only  in  an  individual  itself  or  in  a 
fiagment  of  anindividuaL  These  are  the  ^eMMMsa/ pro- 
perties, or  such  as  refer  to  Space  i  the  relations  of  Sirmc* 
twrt^  those  of  Swrfiee^  and  the  phenomena  of  R^aciion^ 
in  so  &r  as  they  depend  upon  the  regular  fbrm  of  minerals. 
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To  the  second  bdong  the  relatioiu  of  CampatUkmy  ^  Fomu 
of  compound  minerais,  the  mode  of  Jtmctkm  of  the  indivi- 
duals in  these  compositions,  dec.  these  properties  heii^ 
such  as  are  onlj  to  be  met  with  in  compound  minetals* 
The  third  comprehends  those  in  whidi  the  simple  or  ooop 
pound  state  of  the  mineral  has  no  influence  upon  the  oon* 
sideration  of  the  properties ;  as  Coltmry  Lustrey  Traiupareiu 
cy  in  general,  Hardnctty  Speeifie  Gr«o%,  the  SMe  of  Aggrt* 
gaihny  TeuUy  ^ 

Terminology  includes,  therefore,  <ftrM  SecHonsy  within 
which  each  of  the  above  mentioned  properties  is  considered 
in  a  separate  Chapter, 


SECTION  I. 

THE  IHATITEAL  HI8T0SICAL  PEOPEBTJES  Of  SIMPLB 

MINSKALS. 

CHAPTER  I. 

OF  THB  RBOULAR  FORMS  OF  miTRRALS. 
L  AEirXRAL  COynBSRATXaV  0F  TBS  EJCGQLAK  FORMS. 

§.26.   CRYSTAL. 

In  Mineralogy,  the  term  Crystal  is  applie!l  to  a 
body,  which  consists  of  continuous  and  homoge- 
neous matter,  and  occupies,  from  its  origin,  a  re- 
gularly limited  space. 

Crystals  assume  a  r^gulaiij  limited  space  in  their  origiii, 
that  is  to  saj,  in  the  verj  act  of  their  Ibrmationi  A  mine- 
ral which  appears  in  a  reguhxly  limited  space  onlj  after 
a  part  of  its  homogeneous  matter  has  heen  detached  ftom 
it,  is  not  contained  under  the  preceding  definition,  and 
therefore  no  CzystaL 

The  matter  contained  within  theregularij  limited  space, 
18  termed  homcgeneousy  if  it  he  eyerywhere  of  the  same  qua* 
fitj ;  and  it  occupies  or  fills  the  space  with  Coiaifitiily,  if  in 
its  interior  it  allowB  no  particles  to  he  distinguished  firom 
one  another,  of  which  the  whole  mass  might  he  said  to  be 
composed.  There  are  minerals  occupying  a  regukrlj  li. 
mited  qiace,  with  homcgeneous  matter,  but  without  eonti- 
nuitj ;  because  in  their  interior,  particles  can  be  obsenred, 
which  are  eridentlj  distinct  firom  each  other  (§.  180.).  Mi« 
nerals  which  are  found  thus  to  consist  of  homogeneous  mat? 
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ter  within  a  regularly  limited  spMse,  yet  want  continuity, 
and  cannot  therefore  be  called  cryrtala  in  the  significataon 
of  that  term,  as  defined  above. 

§.  27.  OBJECT  OF  CKYSTALLOGEAPHT. 

The  oh]eet  (^  the  fKkxkce  €f  CtyHaBograpJijft  w 
to  ascertain  the  regularly  limited  space,  that  is  to 
say,  the  Form  of  the  CryHab^  not  the  matter, 
which  occupies  that  space. 

Since  the  object  of  Crystallogn^y  is  nothing  but  figur- 
ed  Spaet^  and  in  this  nothing  b  to  be  oonflideied  besides 
geometrical  quantities,  and  their  relttions  to  each  other; 
it  appears  that  Ciystallognphy  is  a  pure  geometrical 
science. 

§.  28.   FOBMS  AND  FACX8* 

The  regularly  limited  space  occupied  by  a  crys- 
tal, is  termed  a  Form  of  CrystalRsaiion^  and  the 
limits  or  planes,  Faces  of  Crystallisation. 

In  Crystallography,  the  JEsoes  of  crystallisation  are  con- 
sidered as  perfect  Flanet^  althou£^  this  is  not  always  the 
casein  nature. 

They  sre  termed  Faces  of  Crystallisation,  in  order  to 
distinguish  them  from  certain  other  &ees  of  minerals, 
which,  thou^  they  exhibit  regular  shapes,  yet  are  no  crys- 
tals (§.  Se.). 

The  fiuses  of  crystallisation  receive  particular  names,  ac 
cording  to  the  forms  which  they  limit,  as,  for  instance^ 
Face9  of  the  Bhamlbohedron^  qfthe  Oetahedum^  &c  They  are 
called  Faeety  without  any  nearer  determination,  if  the 
fonn  to  which  they  belong  is  understood  to  be  a  form  of 
crystallisation. 
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§•  89*  SDCK8. 

The  limits  of  the  faces,  or  their  intersections 
with  each  other,  are  termed  Edges. 

The  Edges  of  fi>nii8  are  always  supposed  to  be  HraH^t 
lines,  although  in  nature  the/  are  not  always  straight. 

The  Edges  are  denominated  not  onlj  according  to  the 
forms  to  which  they  belong,  but  also  according  to  their  par- 
ticular situation  in  respect  to  these  forms.  If  a  form  of 
aystallisation  contain  edges  of  only  one  kind,  these  bear 
nmply  the  name  of  the  form ;  as,  for  instance,  Edgn  of  the 
HesdhedroH.  If  it  contain  several  kinds  of  edges,  they  axe 
distinguished  from  each  other  by  their  name,  for  in- 
stance, Termiaol  and  Latend  Edge*  of  the  Bhombohe- 
droti)  &C. 

§.  90.    SOLID  AK6LS8. 

The  limits  or  terminal  points  of  the  edges  are 
SoRdAn^. 

The  soUd  an^es  are  named  according  to  the  ibrms  in 
whidi  they  are  found,  and  receive  a  nearer  determination, 
by  some  epithet  expressing  thenr  particular  situation  and 
quality.  Thus  we  say,  SoM  Angkt  of  ihe  ffexohedron; 
iJBOrhomboheirdlyjnfrmnkkdfpritmaHcSoMAngi^ 

§.  91.  HOMOLOGOUS  FACES. 

Faces,  equal  and  similar  to  each  other,and  simi- 
larly  situated,  are  termed  homologous ;  such  as  are 
not  equal  and  similar,  or  assume  a  different  situa- 
tion in  the  forms,  are  noi  homologous* 

In  nature,  the  homologous  &ces  are  not  always  equal 
and  similar  to  each  other,  yet  they  are  always  similarly 
situated.    Sometimes  a  single  fiKie  of  a  ciystalline  form  is 
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enkiged,  and  assuines  a  figure  different  from  what  it 
should  be,  and  dependent  upon  Ma  enlargement.  Ctts- 
taUographj  takes  no  notice  of  these  irregularities,  in  as 
much  as  they  are  accidental,  and  because  this  science  is  in- 
tended to  promote  the  study  of  the  forms  in  their  peculiar 
B^Hlarity  and  PerficHoHj  in  order  to  enable  us  to  devebpe 
thdr  relations  to  each  other,  and  to  fiunlitate  the  appliau 
tion  of  both  to  the  phenomena  of  Nature. 

§.  32.  HOMOLOGOUS  OE  SdUAL  EDGES. 

Edges  are  said  to  be  q^  equai  fnagniiude,  or  of 
equal  valuer  if  the  faces  meeting  in  them  are  equally 
inclined  to  each  other^  or  produce  an  equal  aii^e  of 
incidence ;  they  are  said  to  be  gf  equal  length,  if 
they  are  formed  by  equal  sides  of  the  faces ;  and  if 
they  are  both  of  equal  magnitude  and  equal  length, 
and  at  the  same  time  similarly  situated,  they  are 
termed  equal  or  homologous. 

The  inclination  at  the  edges  is  invariable  in  nature ;  and 
upon  this  constancy  of  the  angles  of  inddienoe,  is  founded 
the  application  of  crystallography  to  nature.  The  length 
of  the  e&get  is  subject  to  variation,  as  wdl  as  the  flguve  of 
the  ftoes.  In  the  crystals  themselves,  aU  the  edges  of 
equal  quantity  which  are  similarly  situated,  atthougfa  per- 
haps not  of  equal  absolute  length,  are  considered  as  homo- 
logous. 

§.  88.   ]>E^OMn7ATl02f  6T  tUt  SOLID  ANClJtS. 

SoKd  angles  are  denominated  according  to  the 
dumber  of  faces  oont^ous  to  them,  or  according^ 
to  the  quality  of  the  edges  produced  by  the  inter- 
section of  these  faces.  Solid  angles  formed  by  homo- 
logous faces,  are  said  to  be  Homekgous  themselves. 
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A  aoM  angle  fiurmed  by  the  intersection,  or  cooBisting 
of  three,  four,  five,  &£•  faces,  is  said  to  be  a  solid  angle  of 
three  fiicea,  a  sdid  angle  ofjbur  fiices,  &c.  A  solid  angle 
ia  eqmanguiary  if  the  plane  angles  contiguous  to  it  are  equal ; 
it  is  ttiu^MOfl^wAir,  if  they  are  difierent  from  each  other.  A 
solid  angle,  xesultiiig  from  the  junction  of  two,  three^  Sue 
difierent  kiadi  of  edges,  is  said  to  be  digrammiCf  trigrammky 
Ac ;  and  a  solid  angle  having  all  its  edges  equal,  or  which 
possesses  only  one  kind  of  edge,  is^  in  opposition  to  the 
latter,  termed  a  momgrammie  solid  angle.* 

§.  34r.  simplb  akp  cokpouks  forks. 

A  form  contained  under  homologous  faces 
(§»  81.)  is  termed  a  Simple  Form ;  one  that  is  con- 
tained under  faces  whidi  are  not  homd^ous^  a 
Compound  Form. 

We  have  examples  of  the  ibrmer,  in  the  Hexahedron,  the 
Octahedron,  as  Geometry  considers  those  solids,  Fig.  1.  8., 
and  in  several  others  besides.  Of  the  latter  in  the  same, 
if  their  angles  or  e^es^  or  both,  are  replaced  by  ftoes  not 
belonging  to  their  own  form.  Figs.  3. 4.,  or  in  general,  if  the 
form  b  Bmited  by  more  and  other  faces,  than  is  reqidred 
for  a  ample  form. 

§.    85.    THE   COMPOUND    FOEMS    CONSIST    OF    THE 

SIMPLE. 

A  compound  form  consists  of  two  or  more  simple 
ones.     Those  faces  of  the  compound,  wluch  are 


*  Monogrammic^  single-edged  or  one^ged,  from  ftip^f^ 
single,  and  y^f^fMi  a  line ;  digrammict  double-edged  or  two- 
edged,  from  Df,  double,  and  y^fmi  trigrammkj  tri^ 
edged  or  three-edged,  from  r^2f ,  triple,  and  y^M^M^ ;  referring: 
to  the  number  S  different  Mnd»  in  those  hoes  or  frdges^ 
which  terminate  in  the  solid  angle. 


A  I 
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homologous  to  each  other,  belong  to  oae  and  the 
same  simple  form. 

The  hezahednm,  whoee  angles  are  replaced  bj  equilateral 
trianglea,  or  hy  equiangular  hexagons.  Figs.  3. 4.,  is  a  com- 
pound fbrm.  The  fiices  of  a  four-sided  or  eight-sided  figure^ 
homologous  to  each  other,  are  fiioes  of  the  hexahedron, 
which  is  one  of  the  simple  fbrms ;  the  trian^es  or  hexa- 
gons, again  homologous  to  each  other,  are  flukes  of  the  se- 
cond simple  form,  which  is  the  oclahednm,  and  the  com- 
pound form  is  said  to  consist  of  both. 

It  is  possible,  that  a  compound  form  may  assume  the  as- 
pect of  a  simple  one,  in  so  for  as  it  may  be  contained  under 
foces,  which,  according  to  the  given  definition,  are  homo- 
logous. The  particular  circumstances,  under  which  this 
bqipens,  and  the  reasons,  whj  a  form  of  that  kind,  never- 
theless is  conndered  as  compound,  will  be  given  afterwards. 

§.  36.   TANOKNT  PLAKS8. 

A  plane»  which  touches  a  simple  fimn  in  one  of 
its  edges,  is  called  a  Tangent  Plane. 

The  edge  of  the  simple  form  lies  in  the  tangent  plane ; 
and  the  latter  is  always  supposed  to  be  equally  inclined  to 
both  the  foces  meeting  in  the  edge  of  the  simple  form,  un- 
less it  be  expressly  mentioned  otherwise. 

§•  87.  SECTIONS. 

A  plane,  which  intersects  a  simple  form,  is  term- 
ed a  Section.  A  Principal  Section  divides  the  fbrm 
into  two  equal  halves,  without  dissecting  an  edge ; 
a  Transverse  Section  is  perpendicular  to  a  certain 
line  within  the  solid. 

The  knowledge  of  Sections  is  very  usefiil,  in  a  more  de- 
tailed  examination  of  the  forms  themselves ;  and  the  Prin- 
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dpal  MCtioiifl,  in  particular,  allow  of  many  intomtiilg  ap' 
pUcatioiis,  both  m  CxystaUography  and  in  Opticas  In  Op^ 
tica,  however,  the  term  principal  section  is  applied  only  to 
those  planes,  which  pass  through  the  prindpal  axis. 

In  the  heiahedxmi,  Fig.  I.9  the  prindpal  section  ACEO 
pasRS  through  the  pazallel  disgooals  AC  and  £6  of  two 
opposite  ilioes,  and  through  the  edges  joining  them  A£  and 
GG,  fimning  an  oUon^  or  reetangig.  In  the  rhombohe- 
dran.  Fig.  7*9  m^  principal  section  ABXC  passes  through 
those  diagonals  of  two  parallel  ftces  AB  and  XC,  which  join 
dijflkrent  soUd  angles  with  each  other,  and  through  the  in* 
termediate  edges  AC  and  BX,  forming  a  rhomboitU  An» 
ether  prindpal  section  CC^'B'',  passes  through  the  dia* 
gonala  of  parallel  faces  CC  and  B^",  joining  equal  solid 
an|i^  with  each  other,  and  through  the  intermediate  edges 
CyB^  and  CTB',  Ibrming  a  rectangle.  Two  or  more  prin* 
dpal  sections,  of  equal  and  similar  figure,  and  stmilarlj 
ntuated,  are  accounted  as  one.^  Some  forms,  as  the  rhom* 
hohedron,  have  more  than  one ;  others,  as  the  tetrahedron, 
no  prindpal  section  at  alL  The  consideration  cf  these  sec- 
tions is  not  of  equal  importance  in  all  forms. 

It  is  not  necessaxy  to  cany  the  distinction  of  these  see- 
tions  an  J  fiorther,  than  to  such  as  yield  regular,  or  at  least 
equiangular  or  equilateral  figures.  If^  therefore,  sections 
in  general  are  mentioned,  only  sections  of  that  description 
are  to  be  understood* 

§•  88.  H01COLO601T8  sECTioirs. 

Sections,  which  dther  possess  similar  figures,  or 
which  assume  them,  if  reduced  to  the  same  distance 
from  the  centre  of  the  solid,  or  in  which  the  junc- 
tion of  certun  points,  by  straight  Unes,  produces  si- 
milar figures,  are  termed  sections  of  the  same 
idnd,  or  Homclogous  Sections. 

There  are  two  sets  of  homologous  sections  in  the  hexa- 
hedron, containing  on  one  side  all  the  squared,  aa  A'B'CD', 
VOL.  X.  c 
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Fig.  1. ;  on  the  other  all  the  equilateral  triai^les,  as  RST^ 
Fig.  5.  But  the  equiangular  hexagons,  as  R^R'S"^^^', 
produced  by  sections  panllel  to  the  triangles,  are  homolo- 
gous with  them ;  for  triangles  of  this  land  can  be  inscribed 
in  them,  or  they  are  transformed  into  such  triangles,  if 
brought  to  the  same  distance  ttmn  the  centre  of  the  finm. 
The  sections  of  the  hexahedron,  which  appear  as  oblongs 
or  rectangles,  as  RSB'S'  Fig.  6.,  are  likewise  homologous 
to  each  other ;  for  thej  are  simikr,  if  made  equidistant  from 
the  oentittb  Let  the  edge  of  the  hexahedron  AD  be  as  1, 
and  AS  that  part  of  it  throu^  the  end  of  which  the  sec- 
tion passes,  »— J-  ;  the  figure  of  this  section  will  be  a 

'square.  A  section  of  that  kind,  however,  if  made  equidis- 
tant  from  the  centre  with  a  rectangle,  is  likewise  transform- 
ed into  a  rectangle,  and  therefore  homologous  with  these 
figures,  and  not  with  the  squares  above  mentioned. 

In  every  oblong,  a  rhomb  can  be  inscribed,  if  we  join 
the  centres  of  its  sides  by  straight  lines.  Hence  secUons 
of  a  rhombic  figure  are  homologous  with  sections  of  an  ob- 
long or  rectangular  figure. 

Besides  the  sections  described  in  the  hexahedron,  there 
are  none  to  be  met  with  in  any  other  solid  whatever ;  or 
those  which  may  be  met  ¥dth  in  other  solids,  can  always  be 
traced  to  one  of  these.  The  different  kinds  of  sections  are, 
therefore: 

1.  Such  as  are  either  eqMxUrai  Triangki  themselves,  or 
in  which  equilateral  triangles  may  be  inscribed ;  as  r^u- 
lar  hexagons,  or  equiangular  hexagons,  whose  alternate 
sides,  or  equilateral  hexagons,  whose  alternate  angles,  are 
equal ;  dodecagons  of  the  same  description,  &c. 

2.  Such  as  are  either  Sqttaret  themselves,  or  into  which 
squares  may  be  inscribed,  as  regular  octagons,  or  equiangu- 
lar octagons,  whose  alternate  sides  are  equal,  or  equilateral 
ones,  whose  alternate  angles  are  equal,  &c« 

3.  Such  as  are  Rectangle*  or  JVtombty  or  in  which  rectangles 
or  rhombs  may  be  inscribed.  It  must  be  remarked  here, 
that  if  among  the  rectangular  sections,  there  is  only  one,  or 
two  squares,  as  in  the  tetrahedron  and  in  the  hexahedron. 
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the  rectangular,  as  the  greater  number,  detemdne  the  kind 
of  the  aections. 

The  different  kinds  of  sections  will  be  fitmished  with 
appropriate  and  expressive  names  in  the  following  §§.  50^ 
62,63. 

§.  39.   AXES. 

The  straight  line  passing  through  the  centres  of 
two  parallel  sections^  if  it  be  perpendicular  to  their 
planes,  is  termed  an  Jais. 

Suppose  a  hexahedron.  Fig.  1.,  to  be  intersected  hf  A 
plane  A'B'Ciy  parallel  to  one  of  its  faces;  the  section 
will  be  a  square.  The  strai^t  line  PQ,  through  M  and  P 
the  centres  of  this,  and  of  a  parallel  square,  will  be  an 
axis.  Take  from  a  solid  angle  of  the  hexahedron,  Fig.  6. 
equal  parts  AR,  AS,  AT  upon  the  edges  terminating  in 
this  angle,  and  laj  a  section  through  the  points  thus  de- 
termined. The  straight  line  AG  through  the  centres  M,  M' 
of  thia  and  of  a  parallel  section  B' S""  S' T^  T"  B^  even 
though  the  figure  of  the  latter  should  be  no  triangle,  is 
likewise  an  axis.  Take  equal  parts  AB,  AS;  EB',  ES' 
of  the  parallel  edges  of  a  hexahedron,  Fig.  0.,  beginnhig 
firom  two  acyaeent  solid  angles  A  and  £,  and  laj  a  plane 
through  the  points  thus  determined.  Its  figure  will  be  a 
rectangle,  or,  at  a  certain  distance  from  the  centre  at  the 
hexahedron,  it  wUl  be  a  square  (g.  S8.) ;  and  the  straight 
line  NO  through  M  and  M'  the  centres  of  this  and  of  a 
paralld  section,  is  agon  an  axis. 

Every  axis  passes  through  the  centre  of  the  solid. 

In  the  centre  of  the  solid,  all  axes,  which  are  perpendictt* 
lar  to  homoIogoitB  sections  (g.  S8.),  intersect  etch  other  at 
equal  aof^ea. 

§.  40.   HO1IOLOGO08  AXB8. 

An  axis  belongs  to  that  section,  in  the  centre  of 
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:which  it  is  perpendicolar  to  its  plane.  Axes  be- 
longing to  homologous  sections^  are  said  to  be 
themselves  homologous. 

The  axes  belonging  to  the  equiktenl  triangles,  Ac  maj 
for  the  present  be  called  azeft  of  the  first ;  those  belonging 
to  the  squares,  ftc,  of  the  second ;  and  those  belonging  to 
the  rhombs  or  rectangles,  &c^  axes  of  the  third  kind. 

Some  forms  contain  onlj  one,  others  two,  and  others 
three  kmds  of  axes  in  different  number.  The  number  in 
which  the  axes  of  the  first  kind  appear,  yaoneoxfimr;  that 
in  which  those  of  the  second  kind  are  found,  om  or  Aree  f 
and  that  in  which  those  of  the  third  kind  are  contained  in 
the  solids,  one,  ikree^fimr^  or  tix. 

The  hexahedron  contains  four  axes  of  the  first,  three  of 
the  second,  and  six  of  the  third  kind ;  the  tetndiedron  four 
of  the  first,  none  of  the  second,  three  of  the  third ;  the 
itM>mbohednm  contains  only  one  axis  of  the  first  kind. 

§.  41.   PEIMCIPAL  AMD  8UB0EDINATE  AXES* 

Principal  Axes  are  those  whose  sections  are  re- 
gular,  or  such  figures  as  allow  r^ular  figures  to  be 
inscribed  into  them ;  Sttbordinate  Axes  such  whose 
sections  are  no  regular  figures  themselves,  and  in 
which  no  regular  figures  can  be  inscribed.  If  a 
form  contains  no  principal  axis  properly  so  called, 
one  of  the  subordinate  axes  is  considered  as  the 
principal  axis. 

The  axes  of  the  third  kind,  in  whatever  number  they  ma j 
appear,  are  always  subordinate  axes,  if  they  occur  at  the 
same  time  with  others.  But  if  they  occur  alone  in  a  form, 
their  number  is  in  no  case  greater  than  three ;  and  then 
two  of  them  are  subordinate  ;  the  third  is  tlie  principal  axis. 
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§.  4S.   UPfilGHT  POSITIOH. 

A  form  is  said  to  be  in  its  Upright  Position 
when  one  of  its  principal  axes  is  verdcal. 

Forms  that  have  011I7  one  pzincipal  axis  are  upright  but 
ID  a  ang]e  one ;  such  as  have  more  than  one  are  upright 
in  several  positions.  If  a  fiirm  contains  only  axes  of  the 
third  kind,  it  is  upright,  when  that  axis  is  in  the  vertical 
position,  which  is  considered  as  its  principal  axis. 

In  the  subsequent  inquiries,  all  fiurms,  simple  and  com- 
pound, are  supposed  to  have  been  previously  brought  into 
an  upij|^t  position. 

§.  43.   PAEALLXL  POSITION. 

Two  or  several  forms  are  in  Parallel  Poriiion^ 
if  the  axes  of  the  one  are  parallel  to  the  homolo- 
gous  axes  of  the  other. 

Two  or  several  forms  are  in  parallel  position,  if  of  the 

axes  of  the  one,  onlj  two  are  parallel  to  two  homologous 

.    axes  of  the  other.    For  ail  the  homokgoiu  axes  intersect 

cadi  other  in  the  centre  of  thefonn,  at  equal  anglas  (§.  98.) 

The  paxaUel  position  cannot  ingenend  be  perfectlj  de- 
termined in  forms  which  possess  only  one  axis.  Several 
forms,  moreover,  may  be  considered  in  different  positions. 
It  will  be  pointed  out  hereafter  by  what  means,  in  these 
cases,  the  parallel  position  miist  be  determined*  Thadiffe* 
rent  positions  of  forms  are  of  great  importance  in  all  crys- 
tallograpfaic  zteseardies,  if  the  object  of  these  be  more  than 
the  consideration  of  one  form  at  a  time. 

Similar  ihnns  in  paxaUel  position,  have  their  6oe^  pa« 
nUeL 

§.  44.   UOBIZOVTAL  PBOJECTIOH. 

Place  any  given  form  in  its  upright  position. 


.1 
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Draw  firom  the  angles  of  this  foriD,  perpendicular 
lines  to  a  horizontal  plane»  and  join  all  the  points 
thus  determined  bj  straight  lines.  The  greatest 
plane  figure  obtained  by  this  proceeding  b  the  Ho* 
rizontal  Projection  of  the  form. 

The  horizontal  prqfectioii  belongs  to  the  verUcsl  axis, 
and  is  homologous  with  the  sections  to  which  the  axis  be- 
longs (§.  40.),  and  to  whidi  the  projection  is  paraileL 

A  form  possesses  as  man j  different  horisontal  prqfections 
as  it  has  kinds  of  prindpal  axes. 

The  Side  of  the  horizontal  projection  is  the  unitj  of  most 
of  the  subsequent  calculations  xeferring  to  the  dimensions 
of  crystalline  fixnns^ 

§.  45.   EEOULARITT. 

The  Regularify  of  simple  forms  is  their  greater 
or  lesser  agreement  with  the  regular  solids  of  geo- 
metry. 

B^ularitj  refers  only  to  simple  forma.  The  regularity 
of  the  simultaneous  existence  of  these  in  the  compound,  is 
termed  the  S^mmttry  of  oombinations,  which  will  be  con- 
aidered  more  at  laige  in  §.  141. 

The  irregularities  so  finequently  occurring  in  cryatali» 
must  be  abstracted,  in  our  consideration  of  them,  and  the 
forms  reduced  to  their  peculiar  regularity. 

§.  46.  DEoasxs  or  axGULARiTr. 

The  rq;ularity  of  nmple  fonns  allows  of  being 
arranged  in  Several  Degrees. 

Geometry  coosiden  solids  whose  angles  are  not  altogether 
situated  in  the  surftce  of -one  sphere,  to  be  less  regular  than 
those  whose  angles  are  all  touched  by  the  surfiice  of  a  suigle 
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Sphere ;  and  thus,  it  likewise  adcnowledges  differeat  degrees 
ofregulaxitj.  The  degrees  of  regulaxity  in  CryitaUogimphjr 
are  not  the  same  with  thescb  By  the  pteuliar  method  of 
treating  its  object^  Crjatallogiaphy  is  forced  to  aaenbe  the 
same  degree  of  regularitj  to  fomuy  the  angles  of  one  of 
which  may  lie  in  one,  of  another  in  two,  of  a  third  in  three 
different  apheres,  as  to  the  hezahedrwi,  to  the  monsgram- 
mic  Tetngonal^odecahedron  (§.  63.),  and  to  the  Tetracon- 
ta-octahedron  (g.  77*)  i  and  it  ascribes  to  others,  as  to  the 
Tetrahedron,  a  lesser  degree  of  regularity,  although  its 
vDf^  altogether  should  be  situated  in  the  &ce  of  one  and 
the  same  sphere 

§.  47.  BETERMIMATIOK  OF  THX  DEGABEB  OF 

USGULAEITY. 

The  degrees  of  regularity  of  simple  forms,  are 
determined  according  to  ihe  Kind  and  the' Number 
qfiheir  Axes. 

There  are  £>ur  degrees  of  regularity  to  be  distinguished 
in  simple  forms. 

Forms  of  the  first  degree  of  regularity  contidn  four  axes 
of  the  first  kind,  three  of  the  second,  and  six  of  the  third; 
of  the  second  degree  of  regularity,  four  of  the  first  ^^~^,fo-if 
of  them  at  the  same  time  three  of  the  second,  some  three  of 
the  third,  some  none  besides  those  of  the  first ;  of  the  third 
degree  of  regularity,  only  one  axis  of  either  the  first  or  the 
second  kind,  and  an  undetermined  number  of  axes  of  the 
third  kind ;  of  the  fourth  degree,  three  axes  of  the  thixd 
kind. 

Thus,    first  4        8       6 

3        0 
second      -{4       0       S 


{! 


0        0 

third        1^       J       undetermined* 
fourth         0       0       3 


A 
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^nth  these  degrees  of  reguleiitjr,  the  xeet  of  the  quality 
of  ample  fbrme  is  in  the  doeest  agreement,  as  will  he  seen 
heraafter.  The  fint  degree  of  xegularity  contains  two  of 
those  fi>nns,  and  the  eeoond  one  of  thoee  fiirms,  whkh  are 
geometiicBllj  ragubur. 

§.  48.   CLASSIFICATION  OF  8IMPLS  FOEM8. 

Simply  foni)8  are  ^vided^  aooording  to  the  nunw 
ber  of  thttf  principal  axes,  into  such  as  have  only 
One  Principal  AsdSn  and  such  as  have  Several. 


The  forms  with  one  axis  are  of  the  third  and  fourth, 
those  with  several  axes  are  of  the  first  and  second  di^^ree 
of  rcgularitj. 

§.  49*   SIOMSNCLATUEE  OF  SIMPLE  FOBM8. 

.  The  ^forms  of  one  axis  receive  their  names  ac- 
cording to  the  figure  of  their  faces,  or  according  to 
some  general  property ;  those  of  several  axes,  ac- 
cording to  the  number  of  their  faces ;  and  when 
It  more  accurate  determination  is  necessary,  accord- 
ing to  calain  peculiarities  of  these  fonns  them- 
selves. 

Systematic  nomenclature  remedies  the  Want  of  confbr- 
mitj  and  precision,  which  has  hitherto  prevailed  in  the 
method  of  denominating  crystalline  forms ;  snd  at  the  same 
time  produces  a  distinct  idea  of  the  forms  themselves,  since 
it  is  in  fiict  theiir  abridged  description.  This  shews  the  use- 
fulness of  the  flystematic  aomenclatuie,  and  justifies  its  in- 
troduction. 
Forms  of  a  single  sxis,  whose  fiMses  are  xhomhs,  sxe  term* 

ed  JihomMtedront ;  others,  whose  fines  sre  trianf^es,  axe 

palled  Pynimltfj; 

A  form  of  several  axes,  which  is  contained  under  ,/9wr  fines, 
is  a  TetrahedroHy  or  the  Tetrahedron,  because  there  exists 
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only  one,  or  because  all  tetnhedrons  aie  ilnllar;  aKurm 
contaliied  under  jir  fteesy  is  <Ae  Hcapflftedrp* ;  a  fonn  con- 
tained under  aghi  ftoes,  is  the  Ooiahednm ;  a  form  con- 
tained under  twetoe  &ce8»  is  a  DodutMtnmj  because  there 
are  several.TazietieSy  or  becaiue  not  all  dodecahedrons  are 
similar ;  a  Soana  contained  under  tweHty'fmr  &oes  is  an 
leotUetrahedrom^  and  a  Ibrm  contained  under  fifty ^dfjlA 
ficesy  a  TWrwxwAwcteA^drvn. 

The  denominations  which  denote  the  different  lands  and 
varieties  of  simple  fi>rms,  according  to  their  peculiar  pro- 
perties, are  fimned  from  these  names  bj  compoaition,  or  bj 
the  addition  of  acyectives. 


II.  07  SIMPLX  rO&MS  XV  PA&TICVLAll. 

C0K8IOERAT10V  07   SIMPLE  VO&lfS,  AKD  SOUK   07   THCX& 

OEOlfET&XCAI.  RELATXOHS.' 

§.  50.    THB  BHOMBOHEDBOX. 

The  rhombohedroo,  Fig.  7.9  is  a  fbrm  contained 
under  six  equal  and  similar  rhombic  faces ;  or  the 
rhomlx^edron  is  contained  under  six  equal  and  ai« 
milar  rhofffhs, 

1.  Any  dz  rhombs,  which  are  equal  and  similar  to  each 
other,  limit  one^  and  if  the  obtuse  angle  of  their  figure  is 
less  than  120%  two  rhombohedrons. 

2.  All  ifaombohedrons  belong  to  the  same  kind  of  fbrms. 
S.  The  solid  angles  A,  X,  produced  by  equal  plane  angles 

and  equal  edges  (§.  33.)  of  the  rhombohedron,  are  termed 

4.  The  straigfat  line  AX  through  the  apices,  is  the  ^drf#  of 
the  rhombohedron.  The  Rhombohedron  has  only  one  axis, 
and  this  is  of  the  first  kind  (§.  40.>  Since  all  forms  con- 
nected  with  the  rhombohedron  possess  axes  of  this  kind, 
these  in  future  will  be  designated  b^r  the  denomination  of 
rhombohcdral  Axe*, 


A 
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6.  A  floUd  angle,  throu^  which  a  ifaombohedni  asds 
panes,  ia  termed  a  rhombohedral  solid  angle.  This  applies 
equally  to  forms  which  are  not  riiombohedrons  themselves. 

e.  The  edges  CA,  CA,  CA,  BX,  B'X,  B'^X,  eontigu. 
ous  to  the  terminal  points  of  the  axis,  are  Termimai  Edget  g 
while  CB',  B'C^,  C^  &c.  or  those  which  do  not  intersect 
or  meet  with  the  axis,  are  Lateral  £igt», 

7.  The  diagonals  of  the  fkoes  of  a  ifaombohedren,  are 
commonly  said  to  be  the  diagonals  of  the  ifaombohedron 
itsel£  Those  which  are  horizontal,  like  CC,  eC,  &c 
when  the  riiombdhedroo  is  in  its  upri^t  position  (§.  42.), 
are  termed  the  Harizcmtal  DiagaaaU ;  those  which,  on  the 
same  supposition,  assume  a  direction  inclined  to  the  axis,  like 
AB,  AB',  &c.  arecalled  the  Indtaed  Diagoaali  of  that  form. 

8.  The  rhombohedron  has  two  principal  sections.  The 
first  ai|d  mostusefbl  is  a  rhomMdy  bounded  by  two  paralld 
terminal  edges,  and  the  inclined  djagimals  contained  be- 
tween them,  aa  ABXC;  the  second  is  a  recUmglej  as 
CC'B'B^  The  other  sections  are  of  the  first  kind 
(§.  38.),  and  termed  RhomMtedrai  Sections.  That  through 
the  centre  of  the  form,  or  the  transvene  section,  is  a  rtgU'' 
iar  Hcxagotu 

9.  The  horisotttal  prqjection  of  the  zhomhohedren  ia  a 
Regular  Hexagon^  equal  to  that  circumscribed  about  the 
transverse  section. 

10.  Of  two  riiombohedrons,  that  with  a  greater  plane 
angle  at  the  apex,  CAC,  is  termed  the  more  obbue ;  that 
with  a  lesser,  the  more  acute  of  these  forms.  The  same  dis- 
tinction applies  also  to  pyramids. 

11.  The  sections  CC'C  and  BB'B^  through  contiguous 
horizontal  diagonals,  are  perpendicular  to  the  axis,  and  di« 
vide  it  in  three  equal  parts,  AP,  PQ,  and  QX. 

18.  If^  as  it  is  supposed  in  all  calculations  concerning 
the  rhombohedron,  the  side  of  the  horizontal  prqjection  ia 
■s  1 ;  the  horizontal  diagonal  is  ■*  i^  3. 

13.  Let  the  axis  AX  be  a  a;  the  angle  of  inclination a$ 
^e  terminal  edge  »  x ;  we  obtain : 

2  a' 9 

COS.  X  SB  " I. 

4  a>+  9 
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14.  Let  •  be  the  plane  ang^  at  the  apes  s  we  have 

8  a«—  9 


COS.  « 


3  (a«-f  »> 


§.  51.  PTBAMIDt  IN  GSMBRAL. 

A  pjnuDid  is  ooitfained  under  equal  and  sinii- 
lar  trian^es. 

1.  The  whole  nnmber  of  these  txias^lesy  as  well  u  its 
hali^  IS  an  even  number. 

9;  The  trianglfiB  are  either  isosceles  or  scalene.  Apynu 
mid  contained  under  isosceles  triangles,  is  termed  an  Immca. 
te$  pyramM  ;  one  contained  under  scalene  triangles,  a  teakne 
pyramid. 

9.  The  angles  at  the  ycfies  of  these  trian^Les,  ave  the 
Apices  of  the  pyramid. 

4.  The  straight  line  thnni|^  the  apices  is  the  PHnOpal 
AxU. 

5.  The  edges  contiguous  to  the  terminal  paints  of  the 
axis,  ane  called  TermimU  Edget;  they  axe  equal  in  isosceles^ 
and  unequal  in  scalene  pyramids.  The  remaining  edges  of 
the  pyramid  either  lie  in  a  plane  perpendicular  to  the  prin* 
dpal  axis,  or  they  are  situated  like  the  lateral  edges  of  a 
rfaombohedron  (§.  60.  a).  They  axe  called  LaUrai  Biget^ 
the  first  of  them  sometimes  Bdget  at  ihe  Bate* 

6.  The  pyramids  are  divided  according  to  the  whole^ 
and  denominated  according  to  half  the  number  of  their  ftces, 
as  follows  t 


i 

3 


Number  of 
Facet* 


Eight, 

Twdve^ 

Sixteen, 


Denomimrfioii. 


Four-sided, 


Eight-sided, 


Triainffiet, 


i  isosceles, 
scalene, 
isosceles, 
scalene, 
scalene. 


^  I 
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7.  The  term  Pyramid  htm  not  exactly  the  Mine  signifi* 
cation  in  Crystallognphj,  as  in  Geometiy.  In  Geometiy, 
it  meana  a  solid,  bounded  by  any  number  of  trianguhur 
planes  meeting  in  one  pdnt,  and  terminating  at  one  poly- 
gonal plane,  as  its  base.  In  Crystalh^graphy,  it  must  be 
xcstricted  to  simple  forms ;  and,  theiefbire,  cannot  be  ap. 
plied  to  any  other  but  those^  wbidi  have  hitherto  been  call- 
ed  double  pyramids.  There  are  no  simple  pjrxamida,  as 
simple  forms,  to  be  considered  in  Crystallography.  The  te- 
trahedron, whidi  has  been  called  a  simpte  thiee-sided  pyra- 
mid,  is  no  pyramid  at  all,  but  ia  a  ibnn  of  sereial  asM,  and 
in  the  closest  connexion  with  other  finms  of  that  kind, 
particulaily  with  the  octahedron.  The  epithet  doaUe^  there- 
fore, is  superfluous,  since  the  crystallographer  has  on  no  oc- 
casion to  distinguish  between  simple  and  double  pyramids, 
as  two  di&ffent  chases  of  dmple  fixrms. 

§.  52.  isoacBLSs  sour-bidxd  ftrakids. 

The  boscdea  four^tded  pyramidBi  Fig.  &»  are 
contained  under  eight  isosceles  triangles. 

1.  The  isosceles  fi)ur.«ided  pyramids,  have  two  prindpal 
sections,  one  of  which,  BCB'C,  is  a  square,  the  olher^ 
ACyXC,  or  ABOCB,  a  rhomb. 

3.  The  remaining  sections,  belonging  to  the  principal 
axis,  are  also  squares ;  and  the  axis  is  therefioe  of  the  se- 
cond kind  (^40.).  This  axb  itself  the  solid  an^throi^ 
which  it  paaaes,  and  the  aections  belonging  to  it,  are  temK 
ed  P$fratmdalf  because  all  forms  in  connexion  with  the  isos- 
celes four-aided  pyramid,  contain  axes,  solid  angles,  and  sec- 
tions of  the  same  kind.  The  same  denomination  applies  to 
every  form  possessing  sinuJar  axes,  solid  an^es,  and  aec- 
tions, although  this  fiirm  be  not  an  isoaodea  four-aided  p j* 
ramid* 

S.  Besides  these,  the  isosceles  four-aided  pynamds  con- 
tain four  axes  of  the  third  kind,  two  of  which,  BB'  and 
CC,  are  the  diagonals,  the  two  others  HH'^  and  WBT 
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IwnDd  to  the  sides,  of  tlie  base.  These  axes  intersect 
eadi  other  at  anc^  of  45°. 

4.  The  horizontal  prqiection  is  a  square,  equal  to  the 
hose^  or  to  the  square  principal  section* 

6.  Let  the  side  of  the  horizontal  projectioii  be  sn  1 ;  the 
axis  ai  a,  the  terminal  edge  aix;  the  lateral  edge,  or  thai 
at  the  base  a  a;  we  obtain : 

cos.Xai.— •      cos.  z  I  —  «• 


i  +  a«    '  1  +  a« 

§•  08.  8CALSKS  FOUR-HDEB  FTEAMID8. 

The  flcalene  four-sided  pyramids.  Fig.  9.,  are  con- 
tained under  eig^t  sccdeTie  triangles, 

1.  Tlie  scalene  fbur-rided  pyramids  have  three  principal 
sections,  AB^B',  ACXC  and  BCB'C,  aU  of  which  are 
rhombs. 

S.  The  remaining  sections,  all  paiallel  to  the  principal 
ones,  are  likewise  rhombs :  the  axes  AX,  BB^  CC  th^re* 
fine  arts  of  the  third  kind.  These  axes,  the  solid  an- 
fjies  through  i^ich  they  pass,  snd  the  sections  belonging 
to  them,  are  called  PriimaUct  on  account  of  the  great 
number  and  variety  of  oblique  angular  four-sided  prisms 
existing  among  the  forms  in  connexion  with  the  scalene 
four-sided  pyramid,  all  of  which  possess  axes,  solid  angles, 
and  sections  of  this  kind.  Those  denominatioos  of  axes, 
solid  angles,  and  sections,  are  likewise  made  use  of  in  such 
forms  as  are  not  connected  with  the  scalene  four-sided 


3.  Any  axis  of  the  scalene  four-«ded  pyramid  can  be 
assumed  as  th^  prUtHp&l  one,  or  any  solid  angle  can  be 
considered  as  the  apex.  Afier  the  principal  axis  has  been 
obtained,  the  subordinate  axes,  apices,  solid  angles,  the  base 
and  its  diagonals,  are  thereby  ascertained,  and  remain  inva- 
riaUe  in  all  considerations  of  a  determined  form  of  this  kind. 


^  I 
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4.  Among  the  tenninal  edges,  the  greater  is  Mod  to  be 
the  oUuieeAge,  the  lesser  the  aeuie  edge ;  which  is  likewise 
the  esse  in  the  scalene  six-sided  pjrsmids  (§.  M.^  ^nd  in 
the  eight^ded  pyramids  (§.  M.). 

5.  The  horizontal  projection  is  equal  and  similar  to  the 
base,  or  to  that  principal  section,  whidi  is  perpendicnilar  to 
the  principal  axis. 

5.  Let  the  axis  AX  of  a  scalene  four-sided  pjiamid  be 
s  a;  BB'  one  of  its  diagonals  =^  b ;  CC  the  other  dia- 
gonal  s=  c;  the  terminal  edge  AB  ccmtiguous  to  b  «  y ; 
the  terminal  edge  AC  contiguous  to  c  n  x;  the  edge  BC 
at  the  base  »  z  s  then      • 

cos*  T  & ^    .        — ^—  I 

a«b« +  (a«+b«)c« 
a«  c*— (a*  4- c«)  b«  , 

►  cos*  X  SB  — — — ■      '     ■ — ,  '     ■  1 

a«c«  +  (a«+c«)b« 

b»c»— (b«+c«)a». 

cos.  z  = ^ 1 — » 

b»c*  +  (b«+c«)a* 

and 

COS.  J  +  cos.  X  +  cos.  z  «  «-  1« 

Hence 

COS.  y  a  —  (I  +  cos.  z  +  cos.  z) ; 
cos.  X  B  ^  (I  +  cos.  7  +  cos.  z) ; 

cos.  Z  a.  —  (I  +  COS.  y  +  COS.  x). 

7.  Suppose  COS.  y  »  • ;  cos.  x  b  /3 ;  cos.  z  sstyz  the  fol« 
lowing  ratio  among  the  diagonals  will  be  obtained : 
a:bJC- V  [(!+•)  0  +^)1  •  VIO +  •)(!+ r)l 

§.  54.  ISOSCELES  SIX-SIDED  PYRAMIDS. 

The  isosceles  six-sided  pyramids,  Fig.  lO.,  are 
contained  under  twelve  isosceles  triangles. 

I.  The  isosceles  six-sided  pyramids  have  two  principsl 
sections  i  one  of  them  AHXZ,  ftc.  is  a  ijiomb,  the  other 
HORZNT  a  regular  hexagon.  The  latter  is  at  the 
time  the  base  of  the  pyramid. 
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2.  The  remaining  seetions  vte  rhombohedral  (§.  50.)  and 
prismatic  (§.  63.),  ^b  also  the  axes.  Of  the  prismatic  axes, 
thiee  HZ,  ON  and  RT  pass  throuf^  the  lateral  solid  angles, 
and  three  IS,  KIT  and  LY  through  the  centres  of  the  la- 
teral edges. 

3.  The  horizontal  prqjection  is  equal  and  similar  to  the 
baae,  or  to  the  rhombohedral  principal  section. 

4.  The  side  cf  the  horizontal  prqjection  being  ma  1 
(g.  IKK  12.),  let  the  axis  be  a  m.a  (the  axis  of  a  rhombo- 
hedron  being  designated  by  a,  and  a  certain  constant  co- 
efficient by  m) ;  the  termhial edge  «  xi  the  lateial  edge 
a  z :  we  hav^e 

(m«.  a«  +  e  \ 
27n«.a«-H6)- 
(m*.  a*-«3  \ 
m».  a»  +  3  / 

§.  55*   SCALENE  8IX*S1DED  PYRAMIDS. 

The  scalene  six-sided  pyramids,  Fig.  11.,  are 
contained  under  twelve  scalene  triangles. 

1.  The  principal  section  A'BX^C,  &&  is  a  rhomboid. 

2.  The  remaining  sections  are  rhombohedral;  those 
which  pass  only  throu^  terminal  edges  are  equilateral 
hexagons  of  alternately  equal  angles  4  that  throu^  the 
centre,  or  the  transverse  section,  is  an  equilateral  dodeca- 
gon, likewise  of  alternately  equal  angles. 

3.  The  lateral  edges  of  this  form  are  disposed  like  the 
lateral  edges  of  a  rhombohedron. 

4.  The  horizontal  prqjection  is  a  regular  hexagon. 

6.  The  side  of  the  horizontal  projection  being  s  1 ;  let 
the  axis  A'X'  be  s  m.a  (where  a  signifies  the  axis  AX  of 
a  rhombohedron,  whose  lateral  edges  coincide  with  the  la- 
teral edges  CB,  BC,  &c.  of  the  pyramid,  and  m  a  variable 
co-efficient) :  the  obtuse  terminal  edge  a  y ;  the  acute  ter- 
minal edge  %a  X ;  the  Literal  edge  »  z:  the  following  for* 
muhe  will  be  derived. 
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*        COS.  V  -  -  <"  (Sm«-h6m-l)a«-H8\ 
^~       V^  2  [(»in«  +  l)  a«  +  9]     / 

COS.  X  -  —  /^(^i"'  — g"-0*'-Hg\  . 

V  2  [  (3  m*  +  1)  a'  +  »]     /  ' 

/  (3m«— l)a*  — 9   \ 

COS.  £  :h  —  I  -^ .-f J- 

V  (S  m«  +  1)  a«  +  9  / 

cos.7»l  +  cos.x  +  cos.z — 9. )^[(l+co8  x)(l — cosLz}]; 
cos.x»  I+COS.7+COS.Z— 2.  V[(l  +cos.y)(l — coa.z)]; 

COS.S.— (l+C0B.7  +  C0B.X  +  2.)^[(l+C08.7)(l+C0a.X)]). 
§.  56.  8CALKNE  EIGHT-SIDED  PTBAMID8. 

The  scalene  dght-sided  pjramids,  Fig.  12.,  are 
contained  under  axteen  icalene  triangles. 

1.  The  scalene  eiglft-sided  pyxamids  have  three  difiefent 
principal  sections;  the  first  of  these  B'SCS'BS'^CS'  is  an 
equilateral  octagon,  of  altematelj  equal  angles ;  the  other 
two  A'CyXfC  and  A'B'X'B  on  one  aide,  and  A'SX'^'*'  and 
A'S^'S''  on  the  other  are  rhomhs. 

2.  The  remaining  sections  are  pjnunidal  and  prismatic ; 
■o  are  likewise  the  axes.  Of  the  prismatae  axes,  ereiT-  two 
6%  CC,  and  SST',  S'S^  pass  through  equal  solid  angles. 

3.  Those  edges  which  are  not  terminal,  are  edges  at  the 
baaew 

4.  The  horisontal  projection  is  equal  and  similar  to  the 
iMse  or  the  pyramidal  principal  section. 

6.  Let  the  axis  AOC'  of  the  scalene  eight-sided  pjiamid 
bd  s  m.  a  (where  a  is  a  AX,  the  axis  of  an  isosceles  fcur- 
sided  pyramid,  the  side  of  the  horizontal  prq|ection  of 
which,  SS'  is  m  1,  and  m  a  variable  co-efiident,  greater 
than  1  +  V  S  (§  103.)) ;  the  acute  terminal  edge  «  /  ; 
'  the  obtuse  a  x ;  the  edge  at  the  base  »  s :  we  obtain 

/  2(m.a«  -H)     \ 
cos.y=       V(m«+  i>a«  +  2r 

COS.X A'n»-l)»'  +  2 


C03.  Z 


«  _  Am*  —  1)  a«  +  2\  . 

\(m»  +  l)a«  +  2/ 

,__    /(m«-H)a«-2Y 

V(m«  -I-  1)  a»  +  2/ 
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And 

COfl.  7  k     -»((!+  COS.  B 

"^%  i^[— (C08.X  +  00«.Z)(1  +  C08,X)1); 
COS.  X  a      —  1  (^  +  C<^  2 

+  2.  Vf— (<»«'7+«w-«)0  +  ca8.y)])i 
COS.  Zss»    —  (3  +  2.  CO0. 7  +  2.  COS.  x 

+  2.  V  [2  (1  +  COS.  j)  (I  +  GOO.  X)]> 
§.  57.   THE  TST£AHSDBON. 

The  TetrahedroD,  Figs.  IS*  14.,  is  contained  un- 
der four  equilateral  triangles. 

1.  The  plane  ang^  a,a^  of  the  tetnhedron  ore  »  60^  t 
the  angles  of  inddence,  at  the  edges  A,  A,  &c.  (their  magnU 
tude)  »  70""  31'  44^ 

2.  The  sections  of  the  tetrahedron  are  rhomhohedral  and 
prismatic;  one  of  the  latter,  through  the  centre,  is  a 
square. 

3.  The  principal  axes  are  rhombohednl ;  thej  join  the 
solid  angles  with  the  centres  of  the  opposite  &ces;  their 
number  is  four,  and  thej  interract  each  other  at  angles  of 
IWP  2ff  16^  and  Iff  ZV  A4f'.  That  angiet  qf  intertecHon 
are  general  Jbr  the  rhombohedrai  axes,  whenever  more  ^um  one 
occur  in  the  tame  firm.  The  subordinate  axes  are  prisma- 
tic ;  they  join  the  centres  of  opposite  edges ;  their  number 
is  three,  and  they  are  perpendicular  to  each  otlier. 

4.  The  tetrahedron  is  a  regular  soHd  of  geometry.  * 

A.  This  fbrm  occurs,  either  by  itself  or  in  combina* 
tions,  in  tetrahedral  Copper-glance,  in  dodecahedral  Gar- 
net-blende, && 


*  The  principal  sections  and  horizontal  prqjections  of 
the  forms  of  sereral  axes  being  of  compantively  little  use, 
and  besides  very  easily  ascertained,  I  hare  thought  it 
superfluous  to  enter  here  into  a  greater  detaiL 

▼ox..  J.  D 
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§•  58.  THE  HSXAHEDBOK. 

The  HeiahedioD^  Fig.  l.»  is  oontaioed  underBiz 
squares. 

1.  All  tlie  angles  of  the  hexahedron,  thoae  of  the  ftoea 
aa  well  aa  those  of  the  edges,  are  »  90^. 

S.  The  sections  are  rikombohedzal,  p>wnidaly  and  pris- 
matk:  so  are  the  axes. 

9.  The  rikombohedral  axes  pass  thnm^  thesdlidam^; 
the  pyiamidal  axes,  whose  number  is  three,  through  the 
centres  of  parallel  fiues,  and  these  are  perpendicular  to  eadi 
ether;  and^diogaimitgemraito^jpjframidaltuBet^  whenever 
mere  ^^  one  oeenr  i»  ^  eame  firm.  The  prismatic  axes, 
whose  number  is  six,  pass  throuj^  the  centres  of  parallel 
edges  s  those  which  belong  to  panllel  edges,  intersect  each 
other  at  ri^^t  aisles ;  tiiose  which  belong  to  edges  that  are 
not  parallel,  at  angles  of  80^  and  12(P;  and  Uum  are  i^aiH 
general  angktfir  thepritmaHe  axes, 

4.  The  hexahedron  or  cube  is  a  regular  solid  of  geometrj. 

'0.  This  form  is  frequently  met  with  in  nature,  aa  in 
octahedral  Fluor«haloide,  hexahedral  Iron-pjrites,  fte. 

§.  59.  THE  OCTAHSDEON. 

The  Octahedron,  Fig.  2.,  is  contained  under 
equilateral  triangles. 


1.  The  plane  angles  of  the  octahedron  are  »  60*^  $  the 
edges  or  angles  of  incidence  ai  109''  tSf  10*.  The  angles 
of  inddenoe  of  the  octahedron  and  of  the  tetrahedron  are 
supplemental  to  each  other  (to  180^  These  an^es  axe 
the  same  as  those  at  which  the  rhombohedral  axes  inter« 
sect  each  other  (§.  57.  3.). 

S.  The  sections  and  axes  are  the  same  as  in  the  hexahe- 
dron; onlj  the  riiombohedxal  axes  pass  throu^  the  oentrev 

of  parallel  fiuies,  and  the  pyramidal  axes  through  the  sdid 
angles. 


{.GO.  61.    OF  SIMPLE  FORMS  IN  PAftTICULAR.        61 

S.  The  octahedron  is  a  regular  solid  of  geometiy. 
4.  This  form  occuxb  very  frequenUj  in  different  spedeSy 
as  in  octahedral  Corundum,  octahedral  Iron-ore,  &e. 

§.  60.  DODSCAHEDBOKS  IN  6BNXEAL. 

The  Dodecahedrons  are  contained  under  twelve 
equal  and  similar  faces,  the  figure  of  which  deter** 
mines  the  kind  of  the  dodecahedrons.  A  dodeca* 
hedron  whose  faces  are  triangles,  is  termed  a 
TV^gofioZ-dodecahedron ;  one  whose  faces  are  tetra^ 
gons,  a  7Vfrag09ki2-dodecahedron ;  and  one  whose 
faces  are  pentagons,  a  Penkigonai-dodecahedraiu 

1.  None  of  these  dodecahedrons  are  reijular  in  the  geou 
metrical  sense  of  the  word ;  for  their  ihces  are  not  regular 
polygons ;  besides,  they  have  at  least  two  ^fiflbrent  kinds  of 
angles,  and,  one  of  the  dodecahedroos  ctaly  eiioepted,  they 
have  also  at  least  two  kinds  of  edge& 

§.  61.  TSI6ONAL-DODIBCAHEDSONS4 

The  Trigonal-dodecabedronsi  Figs.  15.  16.^  ar€ 
contained  under  equal  and  similar  isosceles  triangles. 

1.  The  trigonal-dodecahedrons  possess  the  general  a^iect 
of  the  tetrahedron,  and  their  sections  and  axes  ore  of  the 
same  kind,  and  in  the  same  situation. 

2.  They  contain  four  solid  angles  of  three,  and  four  of 
six  fiures ;  both  of  them  being  equiangular.  The  first  ax« 
monogtammic,  and  correspond  to  the  centres  of  the  fbces ; 
the  others  are  digranmuc,  and  correspond  to  the  sdid  angles 
of  the  tetrahedron. 

9.  Of  the  two  kinds  of  edges  of  the  trigQnfliModecBlie» 
drons,  the  first,  or  those  joining  the  angles  of  six  fiuses, 
hare  the  rituation  of  the  edges  of  the  tetrahedron ;  the 
others  meet  in  the  solid  angles  of  three  fiwes,  upon  the 
centre  of  the  ftoes  of  that  form. 
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4.  There  are  two  known  Yarieties  of  these  dodecahe- 
drons, whose  dimensions  are  as  follows : 

a.*  b.  A.  B. 

1.  117'    a'  8".  31*  2^  6©^.      109"  28^  16'.  146\26'  SS'*. 

g.  112*  68'  7".  33*  33'  261".     129"  31'  16*.  129*  31'  16*'. 

5.  Of  the  first  variety  of  this  form  we  have  examples  in 
tetrahedral  Copper^lance ;  of  the  second  varietj,  in  dode^ 
cahednd  Garnet-blende. 

§.  62.   TETBACOMAL-DODECAHEDRONS. 

The    Tetragonal-dodecahedrons  are    contained 
tinder  equal  and  similar  tetragons. 

1.  There  are  two  kinds  of  these  fonns. 

2.  Of  the  fioes  of  the  one,  two  are  alwajs  panllel  to 
each  other,  and  they  contain  two  pairs  of  equal  angles.  Of 
the  &ce8  of  the  other,  no  two  &ces  are  parallel,  and  thej 
contain  only  one  pair  of  equal  angles,  the  remaining  two 
being  also  different  betwixt  themselves.  All  the  edges  of 
the  fbrmer  are  equal,  while  the  latter  possess  two  kinds  of 
different  edges. 

3.  From  this  last  mentioned  difference,  the  denomina- 
tions of  the  two  kinds  are  derived ;  the  first  containing  the 
monagrammic^  the  second  the  digrammic  Tetragonal-dodeca- 
hedrons. 

§.  63.    TEtE    M0N06BAMMIC    TETBAOOKAL-DODX^CA- 

HEDBOl^. 

The  faces  of  the  monogrammic  Tetragonal-do- 
decahedron, or  of  the  Dodecahedron,  Fig.  31 .,  are 
rhombs, 


*  The  small  letters  a,  b,  signify  the  plane  angles  of  the 
nces,  and  the  huge  ones  A,  B,  the  angles  of  the  incidence 
at  the  edges,  as  referring  to  the  figuresi 
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1.  The  pbme  angles  of  these  zbombs  ire  »  109*  W  W 
and  70**  31'  44",  equal  to  the  edges  of  the  octahedron  (§.  59. 
1«)  and  of  the  tetrahedron.  They  are  equal  abo  to  the 
angles  of  intersection  of  the  zfaomhohedral  axes  (§.  57*  1. 
9.>    The  edges  are  all  »  120^ 

S.  Themonogianunic  Tetngonal^odecahedron  has  eight 
aoBd  angles  finrned  bj  three,  and  six  forafed  br  fbur  Ifacesi 
both  of  them  are  equiangular.  The  first  are  situated  like 
the  solid  aisles  of  the  hexahedron,  the  second  like  those  of 
the  octahedron. 

3.  The  sections  and  axes  are  as  in  these.  The  ihombohe* 
dral  axes  pass  through  the  solid  angles  of  three,  the  pyranii* 
dal  axes  through  the  solid  angles  of  four  fibces,  and  the  pris- 
matic axes  through  the  centres  of  parallel  ftces  of  the  solid. 

4.  There  is  onlj  one  Taziety  of  this  form,  which  is  com- 
monly expressed  by  the  name  of  the  Dodecahedron, 

A.  The  dodecahedron  is  not  a  rare  form ;  it  is  fimnd  in 
dodecahedxal  Oamet,  hexahedral  Gold,  &c 

§.  64.    DIGBAMMIC  TETBAGONAL-DODXCAJBSBJtONS. 

The  faces  of  the  digrammic  Tetragonal-dodeci^ 
hedrons.  Figs.  17. 18.,  possess  the  outlines  of  those 
inscribed  in  a  Trapezium. 

1.  The  digrammic  TetngonaModecahedrons  have  the 
general  aspect  of  the  tetrahedron. 

2.  They  contain  two  kinds  of  solid  angles  formed  by  three 
ftces,  fi>ur  of  each.  Both  kinds  are  equiangular.  The 
more  acute  correspond  to  the  solid  angles,  the  more  obtuse 
to  the  centres  of  the  faces  of  the  tetrahedron.  They  possess 
moreover  six  solid  angles  of  four  fiaices,  which  are  equian- 
gular, but  digrammic,  and  situated  above  the  centres  of  tlie 
edges  of  the  tetrahedron. 

3.  Of  the  two  kinds  of  edges  of  these  forms,  the  more  ob- 
tuse join  in  the  obtuse,  the  more  acute  in  the  acute  solid 
angles  formed  by  three  &ces,  and  both  in  the  solid  angles 
consisting  of  four  fi^ces. 


;i 
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4.  The feetioni  and  axesareaa  in  the  tetnhedron.  mie 
prismatic  axes  pass  through  the  solid  angles  of  fimr  Ihees. 

A.  There  is  only  one  rariety  knofwn  of  this  form,  vbose 
dimensions  are  the  following: 

a.  b.  c  A.  B. 

w.   iir4'io».  75*57'M^  w.   ur  44' r: 

0.  It  has  been  observed  In  dodecahedial  Gamet-blendet 
§.  65.   F8NTA0OI9AI^]>OPBCAHB]>IIOK8. 

The  Pentagonal-dodecahedrons  are  contained  iin« 
der  equal  and  similar  pentagons. 

1.  There  are  two  kinds  of  PentagonaMedecahedrona. 

5.  In  the  one,  every  ftce  has  the  opposite  one  paxsUelto 
it,  a  property  which  is  not  to  be  met  with  in  the  other. 

a.  The  first  have  the  general  aspect  of  the  hexahedron, 
and  are  therefore  termed  hextihedralf  the  other  that  of  the 
tetndiedron ;  and  accordingly  they  bear  the  denomination 
^teiraUdral  Pentagonal-dodecahedrons. 

§•66.  HEXAHEDBAL  PBKT-AGOMAL-DODBCAHBDBON8. 

The  faces  of  the  hexahedral  Pentagonal-dodeca- 
hedrons, Figs.  19.  SO.,  have  two  pairs  of  equal  angles, 
and  four  equal  sides.  The  angle  angle  is  oppodte 
to  the  single  side. 

1.  All  the  solid  angles  of  these  Pentagonal-dodecahe- 
drons, are  bounded  by  three  fi^es;  eight  of  them  are  equi- 
angular and  monogrammic,  and  correspond  to  the  solid 
an^es  of  the  hexahedron.  The  other  twelve  are  formed 
by  two  equal  angles,  and  the  single  angle ;  they  are  di- 
gnunmic,  and  pairs  of  them  may  be  conceived  to  be  situated 
upon  the  flioes  of  the  hexahedron,  in  the  direction  of 
planes,  which  pass  through  two  pyramidal  axes  of  that  form. 

2.  Of  the  two  kinds  of  edges,  those  opposite  to  the  single 
angle  are  the  Charactcristk  Edges  of  this  form ;  because 
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the  enmiiiatioa  of  tlMte  TieUs  the  bett  iii«ait  to  diitiii- 
gaMh  the  ^tifilerent  varietieB  of  the  hezthednl  Pentagonal- 
dodecahedrons.  The  other  edgea  meet  ki  the  monognm- 
mic  solid  angleo. 

S.  The  sections  and  axes  are  as  in  the  tetrahedron.  The 
prismatic  axes  pass  through  the  centres  of  the  diaracteris. 
iiced^es. 

4.  There  are  three  Tarietiesof  thisfom,  whose  dimen- 
dons  are  the  following: 

a.  h*  c 

2.  i2r  w  idT.   106*  w  2^   lor  se"  19^. 

3.  i4r  10'  60^.   iw  w  ST.    w  r  r. 

A.  B. 

1.  iw  87'  12*.    117'  ay  m 

2.  198»  63^19^.      llS^'SiMl^ 

3.  143*»    r4a"-      107*  27' 37". 

Ik  The  first  and  second  ywMj  are  fbimd  in  hesodiedral 
Iron-pjnJtes^  the  angles  of  the  third  depend  upon  the  third 
▼arietj  of  the  ioofiitetrahedrai%  §.  71.  IM. 

§•  67.   TETBAHJSPAAL  PXKTA60irAI.-])0DKCAHX- 

The  faces  of  the  tetrahedml  Pentagoiifd-dodeca- 
hedrons.  Figs.  SI .  22. 2S.  24.,  have  no  equal  angles ; 
but  they  possess  two  purs  of  equal  sides. 

1.  The  tetmhedxal  Pentagonal-dodecahedrons  hare  three 
kinds  of  solid  angles,  all  of  which  are  formed  by  three  fiicest 
The  first  are  equiangular,  monogrammic,  four  in  number, 
and  they  correspond  to  the  solid  angles  of  the  tetrahedron ; 
the  second,  of  the  same  description,  but  mote  obtuse,  eor« 
respond  to  the  centres  of  the  fiices  of  the  sune  fbnn*  The 
third  are  not  equiangular;  they  are  trignunmic,  twelve  in 
number,  and  pairs  of  them  are  situated  between  the  more 
icttte  equiangular  solid  anglesi 
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2.  Tlui  Ibrmocmtaiiistlixee  kinds  of  edges  ;tfae  first  meet 
in  the  more  scute,  the  second  in  the  more  obtuse  equisn- 
gulsr  solid  angles,  and  the  thiid  join  those  vhich  are  fonn- 
ed  b/  three  different  plane  angles. 

3.  Its  sections  are  rhombohedzil ;  and  it  does  not  pos- 
sess any  other  but  ihomhohedrsl  axes,  in  confiinnit/  with 
the  sections. 

4.  These  solids  are  remarkable,  on  account  of  their  being 
as  it  were  twisted,  some  to  the  Right,  others  to  the  Left. 
They  sre  equal  and  nmilar  to  each  other ;  but  evexy  port  of 
the  one,  has  exactly  the  rererse  situation  of  the  other. 

6.  The  dimensions  of  t]2e  U^eeTarielies  of  this  form,  are 
■s  follows  I 

a.  b.  c  d. 

1.  iie^e'iy'.   nr60'44".  wa&^v.  i4yii'»«: 
*.  iis^aiuer.   ii3*4y28«'.  DQ'iyair.   iwia'ii*. 

8.  113*  34'  41".    12r  W  44\    97°  W  19".     18(r  39^  67*. 

e.  A.  B.  C 

1.    75*    2' 13".     141'»47'H".    94«    ^  4^.     \WW   T. 

58.  88«  fl'67^  13r  4'57^  78'87'4«^.  1W^37''. 
8.  W  aft' 19".  13r4«'37^  95«27'54^  12P  Sft' 18". 
6.  This  form  has  not  yet  been  found  in  nature ;  and  the 
angles  of  the  mentioned  vaiieties  depend  upon  those  of  the 
tetraconta-octahedrons,  §.  77*  134. 

§.  68.   IC0SITSTSAHBPRON8  IK  6BNEBAL. 

The  loofiitetrahedron^  are  contained  under  twen* 
ty-four  equal  and  similar  faces,  the  figure  of  which 
determines  the   kinds  of  icositetrahedrons.     An 

■ 

icositetrahedron,  whose  faces  are  triangles,  is 
termed  a  TV^onoZ-icositetrahedron ;  one  whose 
fiu^es  are  tetragons,  a  TV^rogtmo^-icontetrahedron  ; 
and  one  whose  faces  are  pentagons^  a  Pentagonal" 
icodtetrahedroh. 
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L  None  of  these  icodtetxahedrou  aife  geometzkallj  i«. 
giilar* 

§.  69.  TBlGOKALrlCOSITETAAHEDBOKS. 

The  Trigonal-icositetrabedrons  are  conUuned  un- 
der equal  apd  similar,  isosceles  pr  scalene  triangles. 

1.  This  species  of  icositetrahedrons  comprises  three 
Unds,  difibrent  from  each  other  by  their  genenl  aspecty 
and  the  situation  of  their  fiices. 

2.  The  yarieties  of  the  first  kind  have  no  parallel  fiu:es ; 
they  exhibit  the  general  aspect  of  the  tetrahedron,  and  are 
therefore  said  to  be  tetrahedral;  the  varieties  of  the  second 
have  paxaUel  &ce8,  and  the  general  aspect  of  the  hexahe- 
dron; these  are  termed  hexahedral;  the  varieties  pf  the 
third  possess  also  parallel  faces,  but  the  general  aspect  of 
the  octahedron,  and  these  are  termed  octahedral  Trigonal- 
icosLtetrahedrons. 

§.  70.    TETEAHEDEAI.  TfilGONAL-ICOSITETEAHE* 

DBONS. 

The  faces  of  the  tetrahedral  Trigonal-icositetra- 
bedrons.  Figs.  85.  26.,  are  scalene  triangles. 

1.  These  forms  have  four  solid  angles,  and  six  &ces,  aU 
of  which  are  equiangular  and  digrammic.  Those  contained 
by  four  &ces,  six  in  number,  are  situated  above  the 
centres  of  the  edges ;  the  more  obtuse  solid  angles  of  six 
Aces,  four  in  number,  above  the  centres  of  the  fitces  of  the 
tetrahedron,  and  the  more  acute  solid  angles  formed  bj 
the  same  number  of  faces,  also  four  in  number,  correspond 
to  the  solid  angles  of  this  form. 

2.  There  are  three  different  kinds  of  edges  in  this  form. 
The  longest  join  those  solid  angles  of  six  &ces  which  are 
not  similar  to  each  other,  the  intermediate  ones  the  more 
acute,  and  the  shortest  the  more  obtuse  of  these  solid  angles 
with  those  which  are  bounded  bj  four  faces. 
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3.  TbAMClioiiiuidaxBiaveasinUietetnlMdnni.    The 
prismatic  azee  pMS  tbrougfa  the  solid  ani^  of  four  fiwcs. 

4.  There  are  three  Tarirtics,  of  the  fiJlowing  dimfTHrionsi 


a* 

b. 

€• 

1. 

56*1*'    4\ 

arsyiir. 

41*  21'  37'. 

2. 

OS-  40"  4ar. 

83»  17'  68f. 

4S«66'sar. 

3. 

M**  tl'  84^ 

85«  19^  lir. 

40*19'    7*. 

A. 

B. 

c. 

1.  110*  b^  90^.     168*  IS'  48^.     168*  \^  48^. 

8.  122*62^42^.     162*  20"  22^.     162*  20^22^. 

8.  124*  61'   or.     144*    y  68*.     182*  14'  60*. 
6.  The  third  varietj  of  this  farm  has  been  observed  in 
bezahedrsl  Boradie ;  the  other  two  depend  upon  the  ftnl 
and  second  varietjr  of  the  tetrsoonta-octahedxon,  §i  77- 189. 

§•  71.  HEXAHBDBAL  TBIGONAL-I006ITSTBAQE- 

DBOX8. 

The  faces  of  the  hezafaedral  Trigonal^ioositetrahe- 
drons,  Fig.  92.,  are  isosceles  triangles. 

1.  The  solid  angles  consist  either  of  four  or  of  nz  fiioes, 
and  are  all  equiangular.  The  first,  six  in  number,  are  mo- 
nogrsmmic,  and  situated  above  the  centres  of  the  fiices  ; 
the  second,  eight  in  number,  and  digrammic,  are  situated 
like  the  solid  angles  of  the  hexahedron. 

2.  Those  edges  of  the  form  which  correspond  to  the 
edges  of  the  hexahedron,  join  the  angles  of  six  fiu^es  with 
each  other ;  the  others  join  the  solid  angles  of  six  fiices 
with  those  of  four  fiices. 

3.  The  sections  and  axes  are  as  in  the  hexahedron. 

4  There  are  three  varieties  of  these  forms,  whose  dimeii<* 
dons  are  the  fikUowing : 

a.  b.  A.  B. 

1.  79*  31'  28".  60*  14'  18".  167'  22*  48*'  133*  48^  47*. 

2.83*37'14^  48*  11' 23".  143*    7' 48"  143*    7' 48". 

9f  Sr  Cft*  69".  46*  80'  304^.  126*  62'  12".  164*    9^  29^ 
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A.  The  Moond  ▼iriety  ooeurs  in  dodecahednl  GflxneCy 
the  thir4  in  octahednl  Fluor-haloide ;  the  anglefl  of  the 
flnt  depend  upon  those  of  the  first  yariety  of  the  dodeca> 
hedrensy  |.  ^  130. 

§.  72.  OCTAHXDEAL  TBIGONAL-ICOSITXTB AHSDBOVB. 

The  faces  of  the  octahedral  Tngonal-icositetriu 
hedrooBy  Fig.  9S.^  are  isosceles  triangles. 

1.  Their  solid  an^es  oonsist  of  either  thxee  or  ei^t 
ikoes,  and  are  equiangu^ftr.  The  first,  eight  in  number, 
are  monograminic,  and  conespond  to  the  centres  of  the 
fiwea;  the  second,  six  in  niunber,  are  dignunnuc,  and  cor- 
respond  to  the  angles  of  the  octahedron. 

S.  Those  edges,  which  liaTe  the  atuation  of  those  of  the 
octahedron,  join  the  solid  angles  of  eight  fiicee  with  each 
other ;  the  other  edges  uidte  two  diiwiniilar  solid  angles. 

S.  The  sections  and  axes  are  as  in  the  octahedron. 

4.  There  is  onlj  one  vmety  Imown,  of  the  iulflowiag 
dimwisiong  t 

a.  b.  A.  B. 

ii8"4M<K'.  so'sT'sft*.      Hi^'ysa^.   i6r44'  9r. 

4.  Ezamplea  of  this  form  are  fiiund  in  octahedral  Fluor* 
|ifti«iA>j  hexahedral  Lead-glance,  Ac 

§.  73.   TITBAOOKAL-ICOSITETBAHEDBONS* 

The  Tetragonal-icositetrahedrons,  are  contained 
under  equal  and  ramilar  tetragonal  faces. 

1.  This  species  of  icoBitetrahedrons  comprises  two  kinds, 
the  rarieties  of  which  are  distinguished  firomeach  other  by 
the  figures  of  their  fives,  and  bj  several  properties  depend* 
ing  upon  them,  cfaieflj  bj  the  diversity  of  their  edges,  ac- 
cording to  which,  they  also  receive  their  denominations. 

2.  The  varieties  of  the  first  kind,  contain  only  two  dif- 
ferent edges,  and  are  termed  ^grammk  ;  whilst  the  second^ 
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or  tr<^r«mmlc  Tetngonal^icodtelx^ 
Haeent  kinds  of  edgee. 

§.    74.     DIGBAMMIC     TETBAGOKAt-ICOSlTETAAHE- 

BRONS. 

The  digrammic  Tetragonal4cositetrahedraiiS| 
Fig.  34.)  are  contained  under  tetragonal  faces, 
which  can  be  divided  by  one  of  thdbr  diagonaby 
in  two  isosceles  triangles. 

1.  Thes^  icoatetrahedrons  posBess  three  difiexent  kinds 
of  solid  angles,  one  of  which  is  fbrmed  by  three,  the  others 
by  four  faces :  all  of  them  are  equiangular.  The  first  are 
monogrammiCy  eight  in  number,  and  correspond  to  the  solid 
angles  of  the  hexahedron.  Of  the  second,  six  are  mono* 
grammic,  and  correspond  to  the  solid  angles  of  the  octahe- 
dron ;  the  other  twelve  are  digrammic,  and  correspond  to 
the  centres  of  the  faces  of  the  dodecahedron,  (§.  63./. 

2.  These  forms  possess  two  kinds  of  edges,  the  one 
terminating  in  the  solid  angles  of  three  feces,  the  other  in 
those  which  are  produced  by  four  equal  edges. 

3.  The  sections  and  axes  are  the  same  as  in  the  hexahe« 
dron,  the  octahedron,  &c  The  rhombohedral  axes  pass 
through  the  solid  angles  of  three  feces,  the  pjnmudal  axes 
thrpugh  the  monogrammic,  and  the  prismatic  axes  through 
the  d^^ramic  solid  angles  consisting  of  four  faces. 

4.  There  are  two  varieties  known  in  natiue,  of  the  follow- 
ing dimensions : 

a.  b.  c  A.  B. 

1.  78**27'4e".  82M6'  3".  117'  2'8".  13r48'36".  146'26'33''. 
9.  «4n6'3y'.  8r26'37".  112''63'7".  144«64'11".  129'31'1«". 
6.  Examples  of  the  first  variety  of  these  forms  we  have 
in  hexahedral  Kouphone-spar  and  dodecahednd  Garnet; 
of  the  second,  in  octahedral  Fluor-haloide  and  dodecahednd 
Corundum ;  of  both,  in  hexahedral  Iron-pyrites. 
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§.    75.   TSXaKAMMIC    TETBAGONAL-ICOSITETEAHE- 

DRON5. 

The  trigraminic  Tetragpnal-icositetrafaedions, 
Figs.  27.  28.,  are  contained  under  tetragonal  faces, 
which  cannot  be  divided  in  two  isosceles  triangles  by 
any  of  their  diagonals. 

1.  The  angles  of  these  forms  consist  of  either  three  or 
four  fices.  The  first  are  monognimmic,  equiangular,  eight 
in  number^  and  thej  are  situated  like  the  solid  angles  oi 
the  hexahedron.  Of  the  solid  angles  of  four  &ce9,  six  are 
equiangular  and  digrammic,  and  they  are  distributed  like 
the  solid  angles  of  the  octahedron ;  the  other  twelve  are  un- 
equiangular  and  trigrammic,  and  they  have  the  situation  of 
the  digrammic  soHd  angles  in  the  h^xahedtid  pentagonal- 
dodecahedron  (§.  66.  1.). 

2.  Of  the  three  different  kinds  of  edges,  the  first  termi. 
nate  in  the  solid  angles  consisting  of  three  iaces ;  the  first 
and  second  in  the  digrammic,  and  the  first,  second,  and 
third,  in  the  tiigrammtc  solid  angles,  bounded  by  four  fiices. 

3.  The  mutual  inclination  NOP  of  the  longest  or  greatest 
edges,  in  the  digrammic  solid  angle,  is  the  CharacteHstU:  Angle 
D  of  the  trignimmic  tetragonal-icositetrahedron. 

4.  The  sections  and  axes  are  the  same  as  those  of  the 
liexahedral  pentagonal-dodecahedrons;  the  rhombohedral 
axes  pass  throu^  the' solid  angles  of  three  fiioes,  the  pris- 
matic axes  through  the  digrammic  solid  angles  of  four  fiices. 

5.  There  are  three  varieties  of  these  forms,  whose  dimen- 
mons  are  as  follows : 

a.  b.  c.  d. 

1.  lOe'Sy    7".     79' 53' 50".  116*    6' 18".     57*    (K  5(K. 

2.  104'  38'  25^.     84*  12'  32".  118*  21'  46".     57*  47'  17''- 

3.  96*  13'  37".    83*  46*  23".  113*  34'  41".     ee^  26'  19". 

A.  B.  C  B. 

1-  148'  59*  60".  115*  22'  37".  141*  47'  12".  112*  87'  12". 
8.  160*  32' 13".  118*69'  9".  131*  4' 67".  118*  4' 10". 
3,  154*  47'  28".  128*  14'  48".  131*  48'  37".  126*  52'  12". 
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^  All  these  varieties  are  met  with  in  henhednl  Iron, 
pyrites;  the  first  also  in  liesafaedral  ColMdt-pjrritet. 

§.  76.  FENtAGONAL-ICOSXTSTEAHEDROKS. 

The  Pentagonal-ioontetrahedronsy  Figs.  29*  SO., 
are  contained  under  irr^ular  pentagonal  faces,  all 
the  angles  of  which  are  different,  but  which  possess 
two  pairs  of  equal  sides. 

1.  These  forms  contain  three  kinds  of  solid  angles,  two 
of  which  consist  of  thiee,  and  one  of  four  fiuses.  £ight  of 
those  formed  bj  three  fiices  are  equiangular  and  mono- 
granunic ;  these  are  situated  like  the  solid  angles  of  the 
hexahedron :  the  other  twentj-four  are  unequiangular  and 
trigrammic ;  the  situation  of  these  is  similar  to  that  of  the 
trignunmic  solid  angles  in  the  tetrahedral  pentagonal-do- 
decahedron (§.  67*  !•).  The  six  solid  angles  of  four  fiuxs 
are  equiangular,  monogrammic,  and  correspond  to  the  solid 
angles  of  the  octahedron. 

2.  There  are  three  different  kinds  of  edges;  the  first 
terminate  in  those  solid  angles  which  are  produced  hy  the 
concurrence  of  three  equal  edges ;  the  second  terminate  in 
the  solid  angles  of  four  fiices ;  and  the  third  join  those  solid 
angles  with  each  other,  which  do  not  consist  of  equal  plane 
angles. 

8.  The  sections  are  rhombohedral  and  pjrsmidal,  as 
dso  their  corresponding  axes.  The  pyramidal  axes  pass 
throu^  those  solid  angles  which  contain  four,  the  xhom* 
bohedral  ales  through  those  which  contain  three  equal 
plane  angles.  These  forms  possess  no  prismatic  axes  at  all, 
and  agree  with  the  tetrahedral  pentagonal-dodecahedrons, 
in  this  particular  as  well  as  in  the  occurring  difference  be- 
tween right  and  left. 

4.  The  dimensions  of  the  three  varieties  of  these  forms 
are  as  foUows : 
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a*  b>  c.  d» 

1.    77'  ^  W.  IW  ly  6^.  lis*    fy  13".    93*  4iK  91^. 
S.    80*  24'  22^.  132*  64'  4«".  113*  21'  48^.  IW  4^  2S*. 

3.  ar  14'  1''.  ii6«  I's'  IS'',  lis**  34'  41".  Mr  12*38^ 

e.  A.  B.  C. 

1.  12e»  18' W.  130"  C 19*.  141*  #7'  12^  141*  47'  12». 

2.  WSySS*'.  135*8e'43".  ISV   4' 67^.  14««  W'   8^ 

3.  106*49' 22^.  149*37' 67*.  13r48'S7^  13d*  36' 43-'. 

6.  This  ibrm  lias  not  jei  been  fimnd  in  nature ;  tbe 
as^  of  the  tfaxee  ▼arietka  depend  upon  thoee  of  the  te- 
traiconta^>ctahedrMU,  g.  77- 139. 
« 
§.  77.   TlETEACOMTA-OCTAHK0aOliS. 

The  Tetraconta-octahedrons,  Fig.  36.,  are  <x»- 
tained  under  forty-eight  scalene  triangles- 

1.  The  iolid  angles  of  these  forms  are  bounded  by  Ibwr, 
fix,  or  eight  fiuses ;  the/  are  equiangular  and  digrammie. 
Twelve  consist  of  four  feces,  and  are  situated  abore  the 
centres  of  the  feces  of  the  dodecahedron;  eight  consist  of 
six  feces,  and  correspond  to  the  solid  angles  of  the  hexahe- 
dron;  and  the  remaining  six,  which  consist  of  dght  feces, 
are  distributed  like  the  soUd  angles  of  the  octahedron. 

2.  Of  the  three  different  kinds  of  edges  of  these  tomp, 
the  first,  being  the  longest,  join  the  solid  angles  of  six  feces 
with  those  of  eight  feces ;  the  second  or  intermediate  joiii 
the  solid  angles  of  eight  feces  with  those  of  four  feces ;  and 
the  thiid,  which  are  the  shortest,  unite  the  solid  angles  of 
rix  feces  with  those  of  four  feces. 

3.  The  sections  and  axes  are  as  in  the  hexahedron,  in  tiic 

octahedron,  &c  The  rhombohedrsl  axes  pass  ^i^  ths 
solid  angles  of  six  feces,  the  pyramidal  axes  tjirough  the 
aoUd  angles  of  eight  feces,  and  the  prismatic  axes  ihraa^ 
the  solid  angles  of  four  feces. 

4.  There  are  tiiree  varieties  of  these  fenns,  of  tiie  fid- 
lowing  dimeudoDS  s 
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a.  b>  c 

1.  86"  56'  26".  66-  15'    4^  36»  4^  81". 

2.  87' 34' 49".  53' 46' 42^.  38' SS' 89". 
8.     85'50'23".  64' 21' 34".  39' 48^   3". 

A.                    B.  C 

1.  158'  12'  48".  148'  W  50".  158'  12'  48". 

2.  J52'20'22".  160' 32' IS".  162' 20' 22". 

3.  162'  14'  50".  154'  47'  28".  144'    2'  58". 

5.  The  first  of  these  varieties  occurs  in  dodecftfaedral 
Garnet;  the  third  in  octahedral  Fluor-habide ;  the  se* 
cond  depends  upon  the  second  yarietj  of  the  icoaitetrahe* 
drons,  §.  75.  133.» 


COXSIDERATIOK   OF  THE  COKKEXXOIT  AMOKO  SIMPLE  FORMS^ 
AND  OF  THE  RELATIONS,   UPON  WHICH  IT  DEPENDS. 

§.  78.  OBSEBVATIOMS. 

There  exists  a  very  remarkable  connexion  among 
several  simple  forms,  which  depends  not  only  upon 
the  kind,  but  ako  upon  the  relative  cUmensions  of 
these  simple  forms. 

It  is  a  matter  of  fiu:t,  sufficiently  demonstrated  by  nu- 
merous obdervations,  that  certain  czTstalline  forms  are  pe- 


*  The  preceding  enumeration  of  the  varieties  of  tessular 
forms,  as  occurring  in  nature,  is  by  no  means  complete. 
Sereral  varieties  of  the  digrammic  tetragonal-icodtetrm- 
hedron(§.  74A  of  the  tetraconta-octahedron  (§.  77-)9  and  of 
other  forms,  nave  already  been  observed ;  for  instance,  in 
octahedral  Fluor-haloide,  in  dodecahedral  Garnet,  in  hexa- 
hedral  Iron-pyrites,  &c  but  not  with  a  sufficient  degree  of 
•ocuracjr.  It  is  to  be  expected,  that  our  knowledge  of  these 
fi>rms  will  be  considerably  enlarged  by  a  more  accurate  ex» 
amination  of  nature. 
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culiar  to  certain  ndneral:  ipeeiea,  whilst  othen  are  never 
found  in  the  same  suhstancea.  Thus  hexahedial  Gold  is 
found  in  hexahedrons,  b^t  never  in  ihombohedrans ;  riiom* 
bohedral  Lime-haloide  in  xhombohedrons,  never  in  hexa- 
hedrons. 

Experience  proves  quite  as  general! j  that  varieties  of-one 
and  the  same  aocuratclj  determioed  mineral  species^  may  as- 
sume several  difierent  &rms  of  aTstaUieation ;  hexahedral 
Gold,  beside  the  ibrm  of  the  hexahedron,  assumes  also  that 
of  the  octahedron,  of  the  dodecahedron,  of  the  digrammic 
tetTBgonal-icositetrahedron,  &c.$  rhombohodral  Lime-ha- 
loide,  besides  rhombohedrons,  exhibits  also  severs!  isosoelea 
and  scalene  six-sided  pyramids, andregular  nz-dded  prisms^ 
and  we  may  firequently  observe,  that  even  in  one  and  the 
same  individual  of  such  species,  severe!  of  those  simple 
forms  appear  at  the  same  time,  or  in  connexion  with  each 
other :  thus,  in  hexahedral  Gold,  the  hexahedron  occurs  in 
one  individual  with  the  octahedron ;  in  rhombohedral  Lime- 
haloide,  rhombohedrons  are  found  with  pyramids,  with 
prisms,  &c. 

It  is  likewise  demonstrated  by  experience,  that  two  or 
more  simple  fbrms,  if  they  appear  at  the  same  time,  In  a 
species  or  an  individual,  do  really  possess  certain  £men* 
sions  or  rdations  towards  each  other,  and  that  other  fiyrms» 
though  of  the  same  kind  with  the  preceding,  are  exclud- 
ed from  such  species,  merely  on  account  of  their  dimen- 
sions. Thus  the  spedes  of  rhombohedral  Ume-haloide  does 
not  present  indiscriminately  the  forms  of  any  rhombohe- 
dron,  or  of  any  sii:-sided  pyramid  whatever ;  but  we  find 
only  such  as  possess  certain  dimennons,  upon  which  the 
symmetry  of  their  combinations  depends. 

Natural  History  does  not  lead  us  to  inquire  into  the  fi- 
nal cause  of  that  renuukable  fact,  why  the  crystals  of  hexa- 
hedral Gold  should  be  hexahedrons,  octahedrons,  &c ;  and 
why  those  of  rhombohedral  Lime-haloide  should  be  riiom- 
bohedrons  and  dx-sided  pyramids  of  certain  dimensions. 
Such  questions,  supposing  even  that  they  were  capable  of 
being  answered,  are  not  within  the  province  of  Natural 

VOL.  I.  E 
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History  (§.  6.).  But  Natural  HistoiT'  cndeavoufs  to  de- 
tennme  the  xelationB  under  which  cryBtaUiiie  fomia  of  cer. 
tain  i^^«w^«i«M  appear  in  the  individuals  of  the  same  8pe> 
ciesy  or  come  into  connexion  with  eadi  other.  These  re* 
searches  not  onlj  form  part  of  the  peculiar  object  of  Na- 
tural Histoiy  I  but  this  scienife  derives  the  greatest  advan- 
tage ftom  them  in  its  ftrther  developemenU 

§.  79.  DESIYATIOV. 

The  method  employed  in  Natural  Histoiy  for 
determining  the  kind  and  the  relations  of  crystal- 
line forms,  which  occur  in  the  individuals  of  the 
same  species,  or  come  into  connexion  with  each 
other,  is  called  the  DerivaHon. 

To  derive  one  simpie  form  from  another,  is  to  shew 
how,  according  to  a  certain  general  rule,  it  arises,  or  is 
produced  from  it.  The  processes  of  derivation  consist  m 
geometrical  constructions,  which  are  not  gratuitouslj  ima- 
gined, but  deduced  from  observation ;  and  their  correct- 
ness and  applicability,  though  evident  from  their  very  ori- 
gin, is  thoroughly  confirmed  bj  the  exactness  with  which 
the  phenomena  in  nature  can  be  eiplained. 

There  are  several  of  these  rules  or  methods  of  proceed- 
ing bj  which  the  derivation  can  be  effected.  Of  these 
difierent  methods,  those  must  be  selected  which  wiU  ap- 
ply to  the  quality  of  the  form  from  which  the  derivation 
is  to  start,  and  which  is  termed  the  given  form.  The  pro- 
duct of  derivation  is  called  the  derwed  form.  The  derived 
and  given  forms  are  either  of  the  same,  or  of  different  kinds. 
The  dedved  form  is  a  simple  form,  lilce  the  given  (me ;  or, 
should  this  not  be  the  case,  it  must  be  resolved  into  two  or 
more  simple  forms.  The  derived  form  having  thus  been 
developed,  the  relations  existing  between  this  and  the 
.given  one  are  to  be  determined. 
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§•  80.  FIB8T  PBOCXSt  O?  HSBITATIOll. 

The  first  pioceas  of  derivBtion  reqmm  tangent 
planeB  (§.  36.)  to  be  placed  on  certain  edges  of  the 
giTen  form,  and  enlarged  till  they  limit  the  space 
either  entirely,  or  at  least  as  far  as  the  number  and 
situation  of  the  iaces  will  allow. 

If  the  edges  to  which  the  tangent  planei  sie  applied,  btf 
equal  or  homologoua,  as,  for  instaDce^  the  tenoinal  edges 
cxf  the  rhombohedrona,  and  of  the  iaoBcelea  fbur-aided  pjra- 
mida,  or  the  acute  and  obtuae  terminal  edges  of  the  a^alend 
six  or  eight-aided  pyramida ;  this  proceaa  will  yield  a  nmple 
Ibfrm  at  once,  which  ia  the  derived  form  itaell 

If^  on  the  contrary,  the  edgea  In  which  the  tangent  planes 
axe  to  be  laid,  be  not  homolofDua,  aa  is  the  caae  in  ths 
acute  and  the  obtuae  terminal  edgea  of  the  acalene  four- 
dded  pjnunlda;  this  proceaa  will  not  give  a  aUnple  ^na, 
but  a  compound  one,  which  ia  contained  under  flukes 
not  homologous  with  each  other.  Compound  forma  (ff 
thia  kind  are  not  the  derived  fbrms  themselves  (§.  79.)^ 
though  the/  either  contain  them,  or  at  leaat  maj  be  em« 
pb/ed  fiir  th^  ulterior  derivation.  They  are  eonaidsred 
aa  AuxiRary  or  IiUerme^Jiaie  Ponm* 

All  intermediate  forma  belong  to  that  given  finrm,  frofli 
which  they  result  by  the  abore  mentioned  proosM 

§.  81.   SECOND  PROCESS. 

The  second  process  requires  the  axis  of  a  fomi 
contained  under  tetragonal  faces,  to  be  produced 
on  both  mdeSf  to  an  undetermined  but  equal  length ; 
straight  lines  to  be  drawn  fiom  the  lateral  angles 
of  the  tetragonal  faces  towards  the  terminal  points 
of  the  lei^thened  axis,  and  planes  to  be  laid  on 
every  oontigiious  pur  of  them.  The  derived  form 
is  cootaiiied  under  diese  planes* 
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rnUs  procesB  is  not  limited  to  Ibrnuwhicli,  like  tihe  rhom- 
bohedron,  are  ongiiuJly  coDtained  under  tetragonal  fiicea ; 
but  it  can  be  extended  to  such  as  are  originall/  contained 
under  triangles,  and  is  therefore  applicable  to  pjiamidB  of 
every  description.  In  this  case,  however,  the  given  form 
lequires  a  certain  prepaxmtion,  the  nature  of  which  will  be 
explained  in  its  proper  place. 

Forms  produced  in  this  way,  if  simple,  are  the  derived 
forms  themselves;  if  compound,  they  are,  like  those  in 
g.  80.,  considered  as  intermediate  or  auxiliary  forms,  and 
made  use  of  accordingly. 

Of  intermediate  forms  in  general,  it  may  here  be  re- 
marked, that,  by  enlarging  their  homologous  fiuxa,  till  the 
rest  disappear,  they  may  be  resolved,  and  by  that  means  the 
simple  forms  which  they  contain,  may  be  extracted. 

§.  82.   THIBD  PROCESS. 

'  The  third  process  requires  planes  to  be  laid  on 
the  terminal  edges  of  the.  g^ven  form^  which  nuiy 
likewise  be  an  intermediate  one  (§.  80.  81.)  ;  their 
number  and  inclination  being  such,  that  the  inter- 
sections  of  the  faces  from  both  apices  produce  a 
plane  figure,  similar  and  parallel  to  the  horizontal 
projection  of  the  ^ven  form«  The  derived  fonp  is 
contidned  under  these  planes. 

The  number  of  ftoes  contiguous  to  every  terminal  edge, 
r  as  employed  in  this  process,  is  either  one  or  two;  niore 
than  two  fiuses  can  never  be  applied  to  one  tenninal  edge^ 
This  process  in  some  cases  affords  a  determined  solution  of 
a  problem,  which  it  would  be  impoesible  to  obtain  from  a 
process  analogous  to  that  of  §.  80. 

* 

§.  8S.    FOURTH  FROOSSS. 

The  fourth  process  requires  the  consideration  of 
those  differences  which  take  place  in  the  atuation 
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of  a  Moveable  Plane j  tangent  to  the  uppermoet 
point  of  a  vertical  rhombohedral  axis  in  a  fonn  of 
several  axes. 

The  last  process  refers  onlj  to  those  forms  which  possess 
Beveral  axes ;  while  the  three  methods  of  derivation  de* 
scribed  above,  are  more  particularly  intended  for  such  as 
have  onlj  one  axis.  The  fourth  process  produces  only 
ample  forms. 

§•  84.   POSITION  OF  THE  DERIVED  FORMS. 

By  the  application  of  these  processes  of  deriva- 
tion, the  derived  forms  are  obtained  in  such  posi- 
tions  in  respect  to  the  given  one,  as  will  enable 
them  to  produce  symmetrical  combinations,  both 
with  the  given  form,  and  among  each  other. 

In  foims  of  several  axes,  this  is  the  parallel  position 
(§.  43.).  In  those  of  onl/  one  axis,  it  must  be  determined 
in  particular,  according  to  the  quality  of  the  forms  con- 
cerned. It  is  sufficiently  demonstrated  by  all  compound 
forms  occurring  in  the  individuals  of  the  mineral  kingdom, 
that  the  simple  forms  of  which  they  consist,  in  every^  in- 
stance are  found  in  such  positions  as  are  assigned  to  them 
by  the  derivation  and  by  the  connexion  which  it  produces 
between  forms  of  a  certain  quality. 

§•  85.    SERIES. 

If  one  of  the  processes  described  above  yields 
a  derived  form  of  the  same  kind  as  the  given  form, 
the  same  process  may  be  applied  also  to  this 
derived  form ;  and  not  only  to  this,  but  also  to  the 
new  product  of  the  derivation,  and  so  on.  The  as- 
semblage of  forms  thus  produced,  and  following 
eacb  other,  is  termed  a  Series. 
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Series  may  also  be  produced,  although  the  derived  form 
be  not  of  the  same  kind  as  the  given  form ;  jet  this  does 
Bot  tajce  place  so  immediately  as  under  the  circumstances 
noticed* 

These  series  form  a  peculiar  feature,  and  are  of  the 
greatest  importance  in  the  Method  of  Crystallogiaphjr  de» 
veloped  in  this  work. 

A  constant  ratio  exists  between  every  two  subsequent 
numbers  of  those  series.  The  general  expression  of  this 
ratio  is  the  Law  of  the  Series. 

Upon  the  series  themselves  is  founded  the  metiiod  of 
CrjfiUiUoffraphic  Detigmftkm  (§.  90.). 

§.  86.   LIMITS. 

The  limits  of  the  series  of  those  fonns  which  pos- 
sess one  axis,  are  Prisms  of  infinite  axes. 

There  is  no  reason  why  a  series  produced  by  dnivatioii 
(§.  86.),  should  stop  at  a  member,  as  long  as  another  ulte« 
rior  one  can  still  be  derived  from  it  This  is  always  pos- 
sible, as  long  as  those  dimensions,  which  are  altered  by 
the  derivation,  remain  finite.  All  members  in  which  this 
is  the  case,  are  termed  Jlnke  members.  If  a  member  re* 
ceives  infinite  dimensions,  the  derivation  can  no  longer  be 
continued.  The  limits  of  derivation,  and  consequently 
the  limits  of  the  series  arising  from  it,  are  therefore  at* 
tained,  if  the  dimensions  of  these  forms  become  infinite* 

The  dimensions  of  forms  which  most  conveniently  may 
be  supposed  to  grow  infinite,  or  infinitely  small,  are  the 
axes ;  if  these  be  infinite,  the  form  becomes  a  prism ;  on 
the  contrary,  if  they  be  infinitely  small,  it  becomes  a  plane. 
Prisms  of  infinite  axes,  and  planes  of  infinite  extent,  are, 
therefore,  limits  of  all  the  series  of  those  forms  wfaidi 
contain  one  axis. 

Forms  of  infinite  dimensions  can  never  appear  by  them- 
selves.  Those  which  occur  in  nature,  and  consist  of  termi- 
nal and  lateral  ftoes,  are  only  segments,  or  parts  of  those 
prisms  of  infinite  axes.  The  kteral  faces  of  the  prism 
represent  the  limit  of  the  series  on  one  side;  the  tenni* 
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nal  fiiices  or  the  base,  the  limit  of  the  series  on  the  other. 
Hence  they  are  not  simple,  but  compound  forms ;  and  thi« 
18  the  reason  whj  they  have  not  been  enumerated  among 
the  simple  forms.  The  whole  series  is  comprised  within 
the  two  limits.  The  particular  mode  in  which  the  limits 
of  the  series  of  different  forms  result,  depends  upon  the 
quality  of  those  forms  themselves,  and  will  be  explained  in 
particular  in  every  serie& 

Forms  of  several  axes  cannot  have  limits  of  this  descrip* 
tion.  However,  if  we  suppose  the  different  varieties  of  ho* 
mogeneous  simple  forms  of  variable  dimensions  (§.  70-  71*  79* 
77*)  to  constitute  series ;  the  limits  of  these  series  will  be 
represented  by  those  forms  of  many  axes,  whose  dlmen* 
sions  are  constant  (§.  58.  69.  68.). 

§•  87.  FUKDAKBNTAL  VOKU. 

That  form,  which  serves  as  the  base  of  the  de- 
mation  (§.  81»),  is  termed  the  Fundamental  Form. 

The  idea  of  the  Fundamental  Form  in  the  present  ma* 
thod,  is  well  defined,  and  perfectly  detennined.  Hence 
mere  simple  forms,  or  such  as  have  hitherto  been  commoiKi 
ly  called  fundamental,  primitive  or  primary  fonn%  must 
not  be  confounded  with  this  idea* 

Fundamental  forms  must  possess  the  following  proper* 
ties.    They  must  be, 

1.  Simple  forms; 

SL  Forms  not  derivable  firom  another  fundamental  form  | 

3.  Forms  which   do   not   possess   infinite   axeai  and 

i.  Forms  contained  imder  the  least  possible  number  of 
foces,  provided  the  form  itself  be  not  oljecUomdlde 
from  other  considerations. 

According  to  these  characters,  the  fundamental  fiinns  cf 
the  mineral  kingdom  will  be, 

1.  The  Scakne  Four^tided  Pfframidj 

2.  The  iMtcda  Faur-tided  Pfframidf 
9*  The  BhambohedroHj  and 

4.  The  Bemhedron* 
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1.  DXEXVATX0X8  WBOU  TBZ  flCALKim  F0UB-8IDED  PTBAMID. 

§.  88.  DERIVATION  OF  MOBS  ACUTE  AXD  MORE  OB- 
TUSE PTBAMIDS,  OF  8IMILAB  BASES  WITH  THE 
FUNDAMENTAL  FOBM. 

From  every  scalene  four-sided  pyramid  may  be 
derived  a  more  obtuse  pyramid  of  the  same  kind, 
possessiDg  a  similar  base  with  the  fundamental  form. 

First  of  all,  one  of  the  prismatic  axes  of  the  given  pj- 
nunid  is  fixed  upon  as  its  principal  axis  (§.  41.) ;  according 
to  this  the  pjiainid  itself  is  brought  into  its  upright  po- 
sition (§.  i2-y  Applj,  after  the  first  proce9B  (§.  80.),  tan- 
gent planes  to  the  terminal  edges  AB,  AC,  &c.  of  this  form 
«  ABCB'CX,  Figs.  37.,  and  enlaige  them,  till  they  intersect 
each  other  firom  all  sides.  There  will  arise  a  fi>rmAFGIHXy 
contained  under  eight  isosceles  triangles,  which,  bj  four 
and  four,  are  equal  and  similar  to  each  other.  If  the  form 
be  considered  as  a  fi)ur-sided  pyramid,  its  base  FOIH  has 
the  form  of  an  oblong  or  rectangle.  This  is  the  intermediate 
form  (§.  80.).  It  will  be  proper  to  observe  here,  that  these 
intermediate  forms  are  not  mere  geometrical  conceptions, 
but  that  thej  are  very  frequently  found  in  nature,  and 
will  be  fiulher  explained  in  §.  97- 

Place  now,  after  the  third  process  (§.  82.),  one  plane 
on  each  of  the  terminal  edges  AF,  AG,  &c  of  this  inter- 
Dsediate  form,  the  inclination  of  this  plane  to  the  faces  of 
the  form,  and  to  each  other,  being  such  as  to  enable  them 
to  intersect  each  other,  after  the  necessaiy  enlaigement,  in 
the  plane  of  the  base,  and  thus  to  produce  a  plane  figure 
'  IMll^C'i  similar  and  parallel  to  BCB'C,  the  base  of  the 
ftmdamental  form.  These  planes  will  contain  the  required 
form,  namely,  a  scalene  fbur-sided  pyramid. 

This  process  may  also  be  applied  inversely,  that  is  to 
say,  fiir  any  given  scalene  faar^Med  pyramid,  we  may  find 
tb«  one  finom  which  it  is  derivable,  accoxding  to  the  method 
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described  aboTe.  For  this  purpose  inscribe  that  iotemiediate 
form  which  belongs  to  the  pjtmmd  sought,  in  that  which 
is  given.  This  is  effected  bj  bisecting  eadi  of  the  lateral 
edges,  and  joining  the  points  thus  determined  by  straight 
lines ;  after  which,  lines  must  be  drawn  firom  the  angles  of 
the  oblong  flguie,  which  has  thus  been  inscribed  in  the 
base  of  the  pjramid,  to  the  terminal  points  of  the  axis  of 
I  the  fundamental  form.    A  rhomb  is  now  inscribed  in  the 

rectangular  base  of  the  intermediate  form ;  the  angles  of 
the  rhomb  coinciding  with  the  centres  of  the  sides  of  the 
oblong.  This  rhomb  will  be  similar  and  parallel  to  the 
base  of  the  fimdamental  form.  But  it  likewise  represents 
the  base  of  the  derived  form,  which  will  be  completed,  if  we 
draw  straight  lines  firom  the  angles  of  this  rhombic  figure, 
towards  the  terminsl  points  of  the  axis  of , the  fundamental 
form,  and  laj  phmes  on  every  two  of  those  lines,  which 
are  a4jacent  or  contiguous  to  each  other. 

§.  89.    BATIO    BETWEEN    THE   DEBITED    AND   THE 

FITKDAHENTAL  FOBM. 

The  axes  of  two  scalene  four-sided  pyramids,  of 
which  the  one  is  derived  from  the  other,  according 
to  §.  88.,  are  towards  each  other  in  the  ratio  of 
I:  1,  if  the  derived  pyramid  is  more  obtuse;  in 
the  ratio  of  2:  1,  if  the  derived  pyramid  is  more 
acute  than  the  given  one.  The  horizontal  projeo> 
lions  of  all  these  forms  are  supposed  equal ;  and 
the  axis  of  the  fundamental  pyramid  =  1. 

Let  BCB'C,  Fig.  37.,  represent  the  base  of  the  fundamen. 
tal  form,  which  bisects  the  axis  AX  in  M,  the  centre  of 
the  pyramid ;  GAF  will  be  a  plane  tangent  to  the  termi* 
nal  edge  AC,  HAF  another  plane  tangent  to  the  terminal 
edge  AB,  and  consequently  AF6IHX  the  intermediate 
form,  whose  base  is  the  rectangle  FGIH. 

Circumscribe  about  this  rectangle,  a  rhomb  BCIB'C')  simi- 
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lar  to  the  base  of  the  ftindamental  fonn,  and  draw  the 
linea  IBA,  CA,  &c.  These  lines  ISA,  CA,  &c.  will  be 
terminal  Tedgea ;  the  planes  BAC,  CAIB^  &c.  fiioes,  and 
OBCIB'C'  the  base  of  the  deziired  pyiamid,  ^Hiich  is  repre- 
sented bj  AIBCO^CX. 

The  triangle  BMC  is  equal  to  the  triangle  BFC  »  A 
FCC  ^  A  IBBF.  Hence  A  IBMC  »  4.  A  BMC,  and 
OBCIB'C'  s  4.  BCB'C.  Therefiire  15€^%  BC,  and  IBM 
«3.BM. 

In  the  plane  1BAM,  draw  the  line  B A' parallel  to  1$A ; 
the  triangle  BA'M  wiUbe  similar,tothetrian^0BAM9  and 

05M:BM»MA:MA; 
hence 

MA' «  i  MA. 

If  A'BCIB'C'X  be  now  su^Msed  the  fundamental  pyra- 
mid, AF6IHX  will  be  the  inscribed  auxiliaiy  form,  and 
ABCB'CX  the  more  acute  derived  pyramid,  to  which  the 
auxiliary  form  belongs  (g.  80.). 

In  the  bases  of  both  these  pyramids,  the  triangle  BMC 
is  =  i  A  BMC;  therefore  BC  »  i  15Cand  BM  «  i  IBM. 

Lengthen  now  the  axis  MA  to  the  point  2L,  and  draw  the 
lineOBSl  in  the  plane  BSIM.  This  is  the  terminal  edge  of 
the  more  acute  derived  pyramid,  if  its  horizontal  projection 
be  supposed  equal  to  that  of  the  fundamental  form. 

But  on  account  of  the  similarity  of  the  triangles  BAM 
and  TBQLMy  the  following  proportion  takes  place : 

BM:  BM»:MA:  MO, 
and  therefore. 

Ma  «  2.  MA. 

§.  90.  SERIES  OF  SCALENE  FOUR-SIDED  PYBAMIDS, 
WHOSE  BASES  ABE  SIMILAB  TO  THE  BASE  OF  THE 
FUNDAMENTAL  FOBM. 

If  the  derivation  (§.  88.)  be  contmued,  a  series 
of  scalene  four-sided  pyramids  of  similar  bases  will 
wise,  whose  axes  increase  and  decrease^  like  the 
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powers  of  the  number  S ;  the  horizontal  projections 
always  being  supposed  equal. 

There  exist  certain  constant  ntiee  in  the  homologaus  di- 
menaiona  of  anj  two  acakne  fimr<«ded  pjnmnda,  thus  de- 
rived from  each  other ;  for  the  eaJce  of  an  easier  comparison, 
they  can  be  expressed  by  constant  ratios  betwem  tli^  axes, 
if  referred  to  one  and  the  same  horizontai  pn^jection. 

Supposing  the  horizontal  projection  to  be  equal  in  all 
the  pjnunids  considered,  designate  the  flindaaiental  form 
bj  A ;  and  bj  B,  C,  D ...  the  derived  pjnunids  whose  axes 
are  decreasing,  bj  B',  C/.IV ...  those  whose  axes  are  increas- 
ing I  a  iVagment  of  the  series,  containing  such  memben  as 
are  nearest  to  the  fimdaanental  form,  will  be  represented  bj 

...D,    c,     B,    A,     B',    e,    ly... 

Let  the  axis  of  A  be  a  a,  the  axis  of  B  will  be  a  (.  a» 
that  of  C  B  i.  i.  a  »  I.  a,  &C.,  that  of  B'  »  2.a,  that  of 
C  ss  8»  2.  a  a  ^  a,  &c. ;  hence  the  fragment  of  the  series 
given  above,  as  expressed  by  the  axes  of  its  members  s 

•••  I*  ^9  i>  ^    i*  ^     ^     3.  a, '  4.  a,   &  a  ... 
and  their  ratio  to  each  otlier  >■ 

...    i    :    i    8    i    :    1    :    S   :    4   s    8   «.» 
that  is  to  say  SB 

...»-*:a-*j2-»:2«    :   2»   z   2«  :     2»  ... 

The  general  member  of  this  series,  or  tiie  expression  of 
the  aris  of  an  indeterminate  n^  member,  will  be  «  2n»  a» 
where  a  is  the  axis  of  the  ftindamental  form,  and  %^  the 
Law  of  Progre$dtnu  The  number  2  is  the  Fwndaimental 
Numbtr  of  the  series. 

Upon  laws  of  this  kind  is  founded  the  method  of  CryMm> 
taOograpMc  DetigtufHon^  which  is  comprised  \mder  the  foU 
lowing  rules.  The  fundamental  form  is  expressed  by  any 
arbitrary  letter.  The  same  letter  serves  also  for  denoting 
such  derived  forms  as  are  of  the  same  quality  as  the  funda* 
mental  one,  as  is  the  case  in  the  present  instance,  where  the 
derived  and  the  fimdamental  scalene  four-sided  pyramids 
possess  similar  bases ;  but  if  the  derived  forms  are  of  an« 
other  kind,  the  letter  is  tnmaferred  to  those  derived  vaim^ 
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bera,  along  with  the  modification  or  altentions  thereby  ren- 
dered neoessaiy.  Under  both  circumrtances,  the  place  of 
the  member  in  the  series  to  which  it  belongs,  b  expressed 
by  the  appnropriate  exponents  of  the  fundamental  fonn,  to- 
gether with  +  or— ^  their  positive  or  negative  ogns.  In  the 
fitndamental  form,  the  exponent  is  «  0,  and  therefim  not 
expressly  indicated. 

Let  P  designate  the  fundamenUl  form  of  the  above- 
mentioned  series ;  the  fragment  of  that  series  will  be 
..    P-.8,   P-.2,P-1,  P,  P  +  i,   p  +  2,   p^3 

An  mdetermmate  n*  member  receives  the  deshma- 

tionP  +  n,  the(n  +  l)tfc,P  +  n  +  l,  where  the  numten 
may  be  either  positive  or  negative. 

Since  the  ratio  of  the  diagonals  of  the  base  b :  c  (§.  63.) 
is  known  fi-om  the  dunensions  of  P,  and  remains  the  same 
in  all  the  members «  the  dimensions  of  any  required  mem- 
ber can  be  found,  if  the  ratio  of  its  axis  to  that  of  the  fun- 
damental  form  be  known,  and  this  ratio  is  indicated  by 
the  designation.  One  of  the  advantages  of  Uiis  designation 
consists,  therefore,  in  affording  a  distinct  idea  of  the  forms 
themselves,  speaking  as  it  were  to  the  eye;  at  the  same 
time.  It  expresses  tiie  connexion  existing  among  them  in 
as  far  as  they  are  derived  from  each  other;  and,  moreover 
It  contains  every  thing  required  for  calcukting  tiie  dimen! 
sums  of  any  member,  if  ti,ose  of  tiie  fundamental  form,  or 
of  any  other  member,  be  known. 

The  expressions  of  tiie  cosines  of  tiie  edges,  as  given  for 
Uie  scdene  four-sided  pyramid  (§.  63.),  refer  to  tiiie  of  tiie 
pyramid  P.  If;  instead  of  a«,  2«-  a«  is  substituted  in  tiiese 
formulse,  tiiey  are  changed  into  tiie  following  expressions, 
which  refer  to  the  pyramid  P  +  n 

cos.  y  «:  ?!l^Jbl--(2^aM^b«)«« 

3«»a»b«  +(2«»a»  +  b^' 
COS.  x  «  ?!l»f ^^^2taa^^c«)  b» 

a'-a*  c«  +  (2to  a»  +  c^b^* 
cos  z  =B  ^!_c»->-(b«  +  c«)j*»a« 

b«c«-»- (b«  + c«)  2««P' 
In  Older  to  find  tiie  cosine  of  any  of  tiiese  angles  for  a 
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certain  determined  member  of  the  series,  of  which  P  k  the 
ftmdamental  fbrm,  there  is  nothing  requixed  but  to  substi- 
tute £6r  n  that  number  which  denotes  the  peculisr  place  of 
the  member  in  the  series.  These  general  formulae  are  very 
uaeAil  in  all  ciTStallographic  calculatioiia. 

§.  91.   LIMITS  OF  THE  8SEIE8  OF  SCALENE  FOUE- 

SIDED  PYEAMIDS. 

The  limits  of  the  series,  §.  90.,  are  on  one  side  an 
oblique-angular  four-sided  prism,  whose  transyerse 
section  is  equal  and  amilar  to  the  base  of  the  fun- 
damental form,  and  its  axis  infinite ;  on  the  other 
nde  a  plane,  perpendicular  to  that  axis. 

The  series  (g.  90.)  may  be  continued  on  both  sides,  as 
long  as  the  members  obtained,  or  as  long  as  their  axes,  are 
finite  quantities ;  and  there  can  be  no  reason  why  we  should 
consider  one  of  these  pjnunids  as  the  last,  because  the  de- 
ihrstion  alwajs  will  produce  new  members  of  the  series. 
But  when  the  axis  becomes  infinite,  no  more  new  members 
are  produced ;  and  in  this  case  the  series  breaks  off,  or  ar- 
rives at  its  limits  (§.  8&>  These  limito  are  therefoze  sca- 
lene four-dided  pyramids  of  known  bases  and  infinite  axes. 

But  suppose  DOW  the  axis  to  decrease,  the  terminal  edges 
will  qiproach  to  the  paraUefism  with  the  diagonals  of  th^ 
base,  the  inclination  of  the  fiioes  in  these  lines,  or  the  ter- 
minal edges,  to  IW,  and  the  magnitude  of  the  lateral  edges 
to  0.  The  final  term  of  these  approximations  is  obtaiued, 
when  the  axis  becomes  infinitely  small ;  in  this  case  the 
pyramid  is  transformed  into  a  j^ane  figure,  similar  to  the 

base. 

The  prism  of  an  infinite  axis  is  infinitely  distant  firom  P  in 
the  series  of  pyramids ;  or,  in  other  words,  there  is  an  infinite 
number  of  members  of  the  series  between  the  fimdamental 
(brm  and  that  prism.  The  number  n  in  that  form,  is  there^ 
lbre:s«.  InthesBmemaniler^nitfasMeo  fixrtheprism 
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of  aaiiifinitely  Bnudl  axis.  Tbe  ciystaUqgimpliic  signs fyt 
these  limits  «re  P  +  oi  and  P  —  co ,  and  the  series  itadf  is 
thus  represented  between  its  limits : 

P— »  .,.  P+  n  ...  P  +  flo. 
The  algebraic  expressions  in  the  preceding  §.  yidd  the 
plane  angles  of  the  base  of  P,  which  is  equal  to  the  trans- 
Terse  section  of  the  prism  of  infinite  axisy  if  n  be  siqiposed 
«  -f  00,  as  follows  I 

b»  — c« 


COS.  y  SB 

COS.  X 


b»  +  c«' 
c«— b« 


c«  +  b* 

The  yalne  of  cos.  z  b  —  1,  indicates  tiiat  one  fiice  of  the 
pyramid  contiguous  to  the  upper  ^lex,  and  one  contiguous 
to  the  lower  apex,  coincide  in  a  angle  pfame  parallel  to  tbe 
axis,  by  wliich  the  lateral  edge  z  becomes  a>  180**. 

Several  memberB  of  this  series,  together  with  their  in- 
termediate fonns  and  limits,  have  been  observed  in  nature. 
Thus,  prismatic  Topaz,  presents  three  consecutive  mem- 
bers, the  intermediate  form  belonging  to  the  most  acute 
of  them,  and  both  the  limits  of  the  series.  Two  consecu- 
tive members,  with  their  intermediate  forms  and  limits, 
are  known  in  several  species,  as  in  prismatic  T«lmivha1oide, 
prismatic  Lead-baryte,  diprismatic  Copper^glsnce,  and 
others. 

§•  9S.  DERIVATION  OF  SCALENE  FOUR-glDBD  PTRA- 
MIDfl  or  DIS81UILAR  TRANSVERSE  SECTIONS. 

The  members  of  the  series  of  §•  90.  serve  as  a 
foundation  to  several  other  derivations.  From  every 
one  of  them,  several  Pairs  of  scalene Jbursided  Pj^" 
ramids  may  be  derived,  the  bases  of  which  are  ^Ussi" 
milar  to  that  of  the  Aindamental  form,  and  fNurtly 
also  ammgst  themsdves. 

Tbe  derivation  is  effeeted  by  the  second  process  (g.  61.); 
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but  this  fonn  being  contaixied  under  triangular  iboea,  must 
undergo  a  pxeliminaij  operation,  before  the  prooeaa  can 
be  applied. 

Let  AX,  Fig.  40.,  be  the  axis,  BCB'C  the  base  of  the 
fundamental  finrm,  of  which  the  hces  BAC,  CAB',  Ac  are 
cont^oua  to  the  upper,  and  BXC,  COCB^,  &c.  to  the  lower 
apex  of  the  pyrtasnd.  £n]azge  now  the  planet  of  these 
fi^ea  upwards  and  downwards,  bejond  the  edges  BC,  CB', 
Ac. ;  and  in  these  enlaxgements  dracribe  the  triangles  BA'C, 
BX'C,  Ac  and  CA'^B',  eX^'B',  &c  equal  and  similar  to 
the  fiices  of  the  fundamental  form.  "This  process  deter- 
mines the  situation  of  the  points  A',  A^,  &c.  X',  X'',  &c* 
which,  being  joined  by  straight  lines,  wiU  produce  reetan* 
gular  figures,  similar  and^parallel  to  the  base  of  the  inter- 
mediate form  (g.  90.).  These  rectangular  figures  are  per* 
pendicular  to  the  axis  of  the  fundamental  form,  which  they 
xnterseot  in  the  points  A  and  X.  This  mode  of  transfiinn- 
lag  triangular  pUmea  in  such  as  are  rhombeidBl,  is  the  pre- 
paration of  forms  mentioned  aix>ve  (§.  81.). 

After  this  preparation,  let  the  axis  of  the  fimdamental 
ferm  be  produced  on  both  sides  to  an  indefinite  but  equal 
length,  so  as  to  ha^e  AZ  »  Kf  or  MiX  ss  M% ;  and 
draw  straight  lines  &om  the  points  A,  A'',  &c.  of  the  lower 
rectangle  towards  fl,  which  is  the  upper  pcnnt,  fh>m  the 
points  X',  X",  &C.  of  the  upper  rectangle  towards  %y  which 
is  the  lower  terminal  point  of  the  lengthened  axis,  and 
firom  the  aq^  B,  C,  B',  C,  of  the  base  of  the  fundamen. 
tal  fimn,  towards  both  these  extremities.  If  planes  be  now 
laid  on  every  contiguous  pair  of  these  lines,  those  fiicea 
which  are  inclined  towards  the  upper  apex,  wiU  intersect 
those  which  are  inclined  towards  the  lower  apex,  in  the 
lines  BS,  SC,  CS',  ftc,  and  thus  produce  a  fi>rm  con* 
tained  under  sixteen  scalene  triangles. 

The  triangles  BMfil  and  C/MSL  are  rectangdiar  in  M^ 
and  the  line  MS  is  comm<m  to  both.  But  BM  is  either 
greater  or  less  than  CM;  therefore,  also,  Bfl  will  be 
greater  or  less  than  CSU  Hence  the  two  fiu»s  BflS 
•and  Cf2iS  of  the  derired  form,  contiguous  to  the  edge  0S, 
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are  not  homologous  with  each  other;  and  the  form  conae- 
quentlj  is  not  a  simple  one. 

It  is  the  intermediate  or  auxiliaxy  form,  mentioned  in 
§.  81.  This  compound  form  can  be  lesolyed,  or  the  simple 
forms,  contained  in  it,  can  be  extracted,  as  follows : — PlXKhioe 
'  first  the  lines  C^S,  and  CS'^,  to  their  intersection  in  V ; 
CfS'  and  CS'''  to  their  intersection  in  QD',  and  draw  TSSL 
an^  OB^:  ISSLCfy  C'Qi'B',  &c  will  be  fiu^s,  IBCB^C  the 
base  of  the  pyramid  Z15CyB^Cyf,  which  is  one  of  those 
sought  for.  On  the  other  hand,  produce  the  lines  BS^  and 
B'S"^  to  their  mtersecUon  in  C ;  BS  and  B'S'  to  their  intersec- 
tion  in  C,  and  draw  Ca  and  CSl :  BSLC,  €^B\  &c  wiU 
be  faces,  BCB'C  the  base  of  flBC'B'C^,  &c  which  is  the 
other  pyramid  contained  in  the  compound  form.  Tiie 
transverse  sections  of  this  pair  of  derived  pyramids  are 
dissimihur,  or  differ  from  each  other,  as  well  as  from  that  of 
the  fundamental  form. 

The  former  of  these  two  pyramids  has  the  same  Aort . 
diagonal  CC,  the  latter  the  same  long  diagonal  BB',  as  the 
fundamental  form.  The  latter  is  therefore  said  to  apper- 
tain or  to  refer  to  the  long  diagonal,  while  the  other  is  said 
to  appertain  or  to  refer  to  the  short  diagonal  of  the  funda- 
mental form. 

The  axis  Sf ,  common  to  these  pyramids,  may  be  con- 
sidered as  being  :■  m.  AX,  a  product  of  the  axis  AX  of 
the  fundamental  form,  and  a  certain  numbor  m,  which  is 
adled  the  Number  of  DerivatUnu  This  number  must  be 
positive,  and  greater  than  I,  either  whole  or  fractionaxy. 
The  values  of  this  number  most  commonly,  though  not 
exclusively,  occurring  in  nature,  are  3,  4,  and  5.  The  crys- 
taUographic  signs  of  the  pyramids  thus  obtained,  are  com- 
posed of  the  sign  of  that  fondamental  or  derived  member 
of  the  series  (§.  90.),  upon  which  they  depend,  which  is  in- 
'  eluded  in  a  parenthesis,  and  of  the  number  of  derivation  m, 
added  to  it  in  the  form  of  an  exponent  The  signs  w  and  -^ 
placed  above  the  letter  referring  to  the  fundamental  form, 
denote  the  diagonal  to  which  the  derived  pyramids  belong. 
The  first  indicates  the  long,  the  second  the  short  diagonal 
ofthe  fundamental  form.    Thus, 
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(^  +  ii)»  and  (P  4-  n)» 
are  the  cTTStaUognphie  aigns  fyt  the  deriTed  pdr  of  pjxm- 
mids. 

Theaxiacoiiimon  toboth  theaeftmiaiaaB-S". Qua;  S".a 
being  the  axis  of  P  4*  n,  and   a   the  aiia  of  P. 

§.   98.     THE    EATIO   OF    THE    DIAGONALS   OF   THE 
BASES  IS  DEPENDENT  OV  m.  - 

If  m  be  supposed  equal,  the  bases  of  all  (i^-fn)«, 
and^  on  the  other  hand,  the  bases  of  all  (JP  -f  n)^^ 
are  equal  and  similar  to  each  other. 

It  ia  evident  from  the  preceding  paragraph,  that  the 
figures  of  the  bases,  or  Uieir  dimensions,  are  deiermuiai 
bj  the  situation  of  the  points  S,  S',  S^  S%  or,  which  is  the 
same,  by  the  length  of  the  lines  MS,  MS',  &c.  Draw  the 
line  AA'  which  Insects  BC,  the  lateral  edge  of  the  fun- 
damental form  in  H,  and  the  lines  HM  and  AOC,  perpett* 
dicular  to  the  axis,  iC  will  follow  that 

A'X  »  3.  HM  «  v'  (b«  +  c«> 
From  the  similaritj  of  the  triangles  2[SM,  and  SLA^K, 
we  obtain 

aX:  XA'.aM:  MS;  or 
(m  -f  1)  a :  V  0>'  +  O)  a  m.  a:  MS. 
Therefore 

MS  s  — 2L.  V0>«  +  c«> 

m-4-  1 

From  this  expression  it  appears,  that  finr  a  gtren  ratio 
of  b  and  c  in  the  base  of  P,  the  quantity  of  the  axis  a  en- 
ters  Ibr  nothing  in  the  determination  of  the  bases  of  the 
derived  forms,  and  consequently,  that  the  angles  of  these 
depend  only  upon  the  number  m. 

If,  according  to  this  process,  pyramids  of  dissimikr  bases 
are  derived  firom  several  scalene  four<4ided  pyramids,  ac- 
cording to  a  determined  m ;  the  bases  of  all  these  derived 
pyramids  will  be  equal  and  similar  to  each  other,  in  as 

vol..  I-  r 
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fior  as  they  beknig  to  one  and  the  same  (Uagonal ;  becauae 
the  axes  of  the  fundamental  pjrxamida  have  no  influence 
upon  the  dimensions  of  the  bases.  It  will  be  exactly  the 
same,  if  the  axes  are  in  the  ratio  of  the  powers  of  the 
number  S,  that  is  to  say,  if  the  fundamental  pyramids  axe 
members  of  one  series;  as,  for  instance,  P,  P  +  1, 
P  +  S,&€. 

§•  94.   RATIO  OF  THE    DERIYEI)   AND  THE   FUNDA- 
MENTAL FORM. 

«    If  in  the  pyramid  P,  the  ratio  of  the  axis,  the 
longer^  and  ^e  shorter  diagonal  is  expressed  by 

a       :      b        :        c, 
or  in  P  +  n,  by 

2".  a      :      b  c ; 

the  ratio  of  the  analogous  lines  in  the  same  suoces- 
aon  will  be, 
for  (f )™        =      m.  a 
for  (f  +  n)«  =  2*.m.  a 
for  (P)"        =      m.  a 
for(P  +  n)"  =  y.ni.a 

Since,  Fig.  40.,  in  the  ratio  of 

2M  and  MC  are  known  quantities,  being  expressed  by  a^ 
c  and  m  (for  SIM  is  »  m.  a,  or  a.  2".  m.  a,  and  MC  »:  c)  ; 
the  only  thing  still  to  be  effected,  is  to  express  BCB  in  the 
same  manner,  or  only  by  b  and  m. 

Draw  the  line  SN  parallel  to  IBM;  the  triangles  SCN, 
VCB^  will  be  similar  to  each  other,  and 
CN :  SN  «  CB' :  IBB', 

a  CB' :  MB  ■♦-  MB'. 

But 

CN  a  C'B'  —  NB'  »  CB'— . MS 


b 

:    m.  c,  c«' 

b 

:    m.  c; 

m.b 

c,  or 

m.b 

c. 

Ill  +  1 


V(IJ»  -♦-  c«) 
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»  -i- V  (b«  +  c») ;  and 

SN  »  MB'  »  b. 
Therefore 


m+  1 
and 

(m  +  1)  b  «  MB  +  MB' «  MTB  -^  b, 
from  wluch  follows 

Mb  si  m*  hp 

For  (P  +  n)«,  therefore,  will  follow  that 
SM  :  MB :  MC  ai  2".  m.  a  :  m.  b  :  c,  from  which,  bj 
the  mere  permutation  of  the  diagonala,  the  raUo  of  the 
analogoua  lines  of  (1^  -¥  ny»  is  found  to-be 

s  2".  m.  a  :    b    :    m.  c 

Sinee 

AM  :  BM  »  aM  :  BM ; 
AM  :  CM  »  aM  ;  CM  ; 
the  triangle  AMB  is  similar  to  aMB,  and  AMC  to  aM€% 
and  HB  parallel  to  AB,  ac  parallel  to  AC.  If  therefora 
from  an  J  member  of  the  series  §.  00.,  according  to  whaterer 
m,  a  pjrramid  of  dissimilar  base  with  the  fundamental  form 
be  derived ;  the  terminal  edges  contiguous  to  similarly  situ- 
ated,  althou^^  unequal  diagonals,  band  m.  b  or  c  and  m.  c. 
of  the  two  pjiamids,  will  alwajs  be  parallel  to  each  other. 

The  number  m  maj  be  so  great,  that  m.c  becomes  great- 
er than  b.  Nevertheless  m.c  remains  the  line  corres- 
ponding to  the  diagonal  c,  which  is  here  supposed  to  be  the 
short  one.  The  correspondence  between  two  diagonals 
must  not  therefore  be  judged  of  according  to  their  absolute 
length,  but  according  to  their  ntuation.  This  will  require 
some  attention,  in  order  to  avoid  b^ng  confounded  by  the 
iqiparentlj  different  position  of  such  pjramids. 

If  the  ratios  obtained  just  now  between  the  axis  and  the 
diagonals  of  (1^  +  n>",  and  (P  +  n)"  be  substituted  in  the 
general  formuke  for  the  edges  of  the  scalene  four-sided 
pyramid  (§.  51.) ;  the  result  will  be  other  formuUe,  similar 
to  those  in  §.  90.y  and  as  general ;  and  they  will  refer  to  sea- 
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lene  four^sided  pyramids,  derived  according  to  the  above 
mentioned  process. 

§.  95.  SERIES  OF  DEEIVED  PTRA1IID8  OF  A  DIS- 
SIMILAR TRAK8TEESE  SECTION,  WITH  THAT  OF  P. 
OTHER  METHOD  OF  DERIYIKO  PYRAMIDS  OF  THE 
SAME  KIND. 

The  pairs  of  scaleoe  four-sided  pyramids,  deriv- 
ed  after  one  and  the  same  m,  from  the  members  of 
the  series  §.  90L  form  two  series,  which  proceed  ac- 
cording to  the  law  of  the  series  §.  90.,  and  are 
amiUirly  limited. 

The  same  method  which  from  P  produces  (P)r  and  (P)"» 
if  applied  to  P  +  n,  yields  (P  +  n)«  and  (P  +  n>". 
The  axis  of  (P)«  is  therefore  to  that  of  (P  +  n)"  in  the  ra- 
Ho  of  the  axis  of  P  to  the  axis  of  P  -f  n,  or  in  that  of  1  : 2". 
Hence  2  is  the  fundamental  numher,  2'*  the  law  of  pro- 
gression of  the  series. 

If  the  positive  and  negative  value  of  n  becomes  infinite, 
(P  +  n)«   and  (P.  +  n)«  are  changed  into  (P  +  oo )«, 
(P— -  )«  and  (P  +  oo)-",  (p— »)«.    According  to  §.  91. 
these  farms  are  oblique-angukr  fbur-nded  prisms,  whose 
transverse  sections  are  equal  and  similar  to  the  bases  of 
(P  +  n)™  and  (P  +  n)".    Their  plane  angles  are  obtained  by 
the  algebraic  expressions  in  the  preceding  pamgraph,  if  n  is 
supposed  as   00.     The  signs  (P_eo)n  and  (P—oe)"  re- 
fer to  the  fitce  perpendicuhir  to  the  axis,  already  expressed ; 
which  fiue,  however,   more   generally  is  designated  by 
P  -^  09,  the  fl*gn  obtained  in  §.91.    The  complete  designs* 
tion  of  the  two  series  between  their  limits,  is  therefore 
P  -.  00  ...  (P  +  n)«  ...  (P  +  00  )«  ; 
P  —  00  ...  (P  +  n)«  ...  (P  -♦-  oo)". 
There  exists,  however,  still  another  method  of  deriving 
'  pjrramids  of  dissimiUir  bases  from  the  fVindamental  form ; 
and  although  this  method  does  not  produce  any  new  forms, 
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jet  it  U  very  well  calcukted  to  «hew  tke  tgreement  be^ 
tween  the  fonns  derivable  from  the  acakne,  and  tfaoserde^ 
rivable  fimn  the  jaoecelefl  four-aided  pjiamid.  This  me- 
thod alao  tends  to  preserve  the  sameness  of  .the  value  .of  m 
in  both,  at  least  in  respect  to  those  numbers  of  derivation, 
which  are  most  oommonl/  met  with  in  nature. 

This  method  of  derivation  consists  in  applying  the  process 
§.  9SL,  not  to  the  pyramid  P  itself,  but  to  the  injterme- 
diate  form  which  belongs  to  that  pyramid.  It  is  exactly 
the  same  as  that  by  which  the  scalene  four-sided  pyramids 
of  dianmilar  bases  are  obtained  from  the  fundamental  py 
nmids  themselves,  and  there&re  requires  no  particular 
description. 

The  first  result  is  a  compound  form,  as  obtuned  above, 
which,  by  a  further  resolution,  yields  a  pair  «f  sa(^ene 
four-sided  pyramids,  one  of  which  refers  to  the  long,  the 
other  to  the  short  diagonal  of  the  fundamental  fbrm$  al- 
though in  the  derivation,  none  of  these  diagonals  remain 
unchanged.  The  correspondence  of  these  pyramids  to  the 
diagonals  of  the  ftindamental  form,  is  determined  as  in  §.*  02. 
Their  ciystallographic  designation,  in  as  ikr  as  they  are 
obtained  by  the  application  of  the  last  mentioned  process, 
is  (Pr  4-  n)a»  and  (Pr  +  n)". 

The  ratio  of  the  diagonals  of.  the  bases  is  entirely  de. 
pendent  upon  m.  For,  considering  one  and  the  same  m, 
all  the  bases  of  {Pt  +  n)'*'  on  one  side,  and  all  the  bases  of 
(Pr  +  n)«  on  the  other,  are  equal  and  similar  to  each  other, 
as  nu^  easily  be  deduced  from  §.  93.  The  two  lines  MS, 
MS",  Fig.  39.,  are  in  the  same  ratio  as  the  diagonals  c  and  b. 
From  the  consideration  of  the  figure  it  appears,  that 

2  m 


MS: 

MS^ 


m+  1 
2  m 


m  +  1 

The  co-efiicients  of  the  three  perpendicubr  lines  in  this 
derivation  are  difibrent  from  those  obtained  in  §.  94.  If  the 
axis,  the  longer,  and  the  shorter  diagonal  of  F  +  n  be  in  the 
ratio  of 
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3^.  a  t  b  :  c» 

the  ratio'  of  tbe  analogous  lines  in  tlie  same  sucoenioii 
will  be 

.2  m  — 1 

for  (Pr  +  n>  «  !i±l  2".  a    :fLtJ.b:  c 

^  '  2  m— .1 

Lei  SODIS,  Fig.  S9^  be  half  of  the  base  of  the  detived 
pjiamid  (Pr  -I-  n)" ;  in  the  ratio  of  the  tlixQe  Unes 
aM  t  M'B'  t  M8 

JIM  and  MS  aie  abwady  kaamn,  tint  k  to  aaj,  CKprewwd 
bj  a,  c,  and  m  $  and  the  only  expresBien  still  wanting,  is 
that  of  M1B'  hy  means  of  a  function  of  m  and  b. 

The  triangle  CIS  is  similar  to  the  triangle  MWS; 
theiefine 

eS     :     CI»MS     :     MV. 
But  we  have 

C8  »  MS  —  MC  =  — L!?L..  c— c »  ?Lni.  c 

m  -f- 1  m  +  I 

Tbevefore 

m^^l^.t         2m  3m.. 

.c  :     D 


m  "f  1  m  +  1  m.^i 

and 

Mjy»   ^"  .b. 
m— 1 

ffince  this  is  the  required  expression,  it  foUows  that 

Mg  ;Miy  ;  MS«2«m.a:    ^".b    :    .l^.c; 

m — 1  m+l 

or  if  the  co-e£Bcient  of  that  diagonal  to  which  the  pjnamid 

belongs,  is  supposed  as  1,  the  same  ratio  will  be  expressed 

s •   9"  a  :    — . —  .b  :  c. 

3  m—l 

B J  exchanging  the  diagonals  b  and  c,  the  ratio  of  the 

three  lines  of  (Pr  +  n)»  will  be  obtsined 

m+l<i^  •      m4-l 

as      ^    .  2«  a  :  b  :      ^   .  c 

3  m  —  l 

The  co-eAcients  of  the  axis  and  the  two  diagonals,  as  de. 
veloped  here,  if  substituted  in  the  expressions  for  the  co- 
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ainefl  of  the  edges  of  a  scalene  four-dded  pjiamid  (§•  AS.), 
will  produce  rnmilar  expressums  fiir  the  edges  of  the  de^ 
rived  p3rTamid9,  in  as  &r  as  the  process  of  derivation  has 
been  applied  to  the  intermediate  form* 

The  pairs  of  scalene  four-sided  pyramids  thus  produced, 
according  to  an  equal  m,  fivm  all  the  intermediate  forms, 
which  belong  to  the  memben  of  the  series  §.  MK,  will  them* 
selves  likewise  form  two  series,  which  proceed  according 
to  the  general  law  of  the  former,  and  are  limited  by  planes 
perpendicular  and  parallel  to  the  axis.  The  complete  de- 
signation of  the  two  series  between  their  limits,  is 

P  ^  eo  ...  (^r  +  n>o  ...  (^  +  e9)»; 

P  —  «  ...  (Pr  +  n>»  ...  (Pr  +  »)«. 

It  has  already  been  stated,  that  by  these  two  ^iffinent 
modes  of  derivation,  we  obtahi  exactly  the  same  ibmis. 
This  may  be  demonstrated,  by  proving  how  one  fimn,  whose 
derivation  from  P  is  expressed  by  the  sign  (P  +  n)",  may 
likewise  be  derived  from  the  intermediate  form  Pr  -f-  n^, 
under  the  sign  (Pr  +  n^',  or  that  (P  -h  n)"  may  be 
«  (Pr  +  n^)-'. 

The  ratio  of  the  axis  and  the  diagonals,  that  is  to  say,  of 
the  three  lines  perpendicular  to  each  other,  is  in 

(P  +  n)<»  js         m.  2°.  a  :  m.  b     :    c ;  in 

(Pr  +  nr'»?!l±i.  2-'.a:    "21+2.  b    :    c 
^  2  m'— 1 

If  we  suppose  the'  co-efficients  of  b  in  the  two  pyramids 

to  be  equal,  we  obtain  m'  a  ™  "^     ,  which  being  sub- 

m  —  1 

stituted  in  the  ratios  for  (Pr  +  nO"*'  gives 

«B    — .  a*',  a  :  m.  b    s   e- 

m-^1 

The  equality  of  the  three  lines  supposes  therefore  also 

J!^ 2^tobeaHm.2<>{aadcoD8equcntfy2^«s(m— ])2>. 

m— 1 

Any  scalene  four-sided  pyramid,  which  behmgs  to  P  -|-  n, 

under  the  sign  of  (P  4-  n)",  may  therefore  likewise  be  con< 

fidered  as  deriving  from  the  Intenoediate  form  «f  F  -f-s, 
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▼ub  firom  Ft-^n  imder  the  ngn  (m  ~.  1)  (Pr  +  n)"  — «. 
It  depends  here  upon  the  vahie  of  m,  whether  the  deriv». 
tion  proceeds  from  ayi  intennediate  fonn  beloogiiig  to  the 
principal  series^  or  to  a  subordiiiate  one  (§.  9<i.). 

liStm  be  OB  2,  and  the  aecondaxy  pjiamid  therefore 
M  (P  4-  n)* ;  we  have 

IB  "f-  1 

(m  —  1)  (Pr  +  n)^^^^  «  (Pr  +  n)»  ; 
the  imtio  of  the  perpendicular  lines  cs  2.  2" .  a  :  8.  b  i  c, 
exactlj  as  in  (P  +  n)'.    Let  m  be  »  i,  it  willfollow,  that 

m  ^  1 

(m  —  1)  (Pr  +  n)  «-i  «  HP^  +  »)'  -  (^  +  n  —  !)•, 
and  the  ratio  of  the  lines  giren  above  sa  S  •  2"— ^  a  :  |.  b 

:  c  ss  |.  2".  a  :  |.  b  :  c,  as  in  (P  -I-  n)'. 
In  both  these  examples,  Pr  +  n  belongs  to  the  principal 

aeries.     But  suppose  m  «■  4  ;  (m  —  1)  (Pr  +  n)  *  —  i 

will  be  a  3  (Pr  +  n)%  and  the  ratio  of  the  three  lines  will  be 
«  |.  2**.  a  t  4.  b  :  c,  of  which  the  first  member  still  must 
be  multiplied  bj  3  to  make  it  equal  to  that  of  (P  +  n)^,  as 
the  crystallogmphic  sign  requires.  Here  Pr  +  n  belongs 
to  that  subordinate  series,  whose  co-efSdent  is  the  num« 
berS. 

In  the  two  first  of  these  examples,  it  appears  that  one 
pjramid  maj  be  transfimned  into  another,  whose  number 
of  deriration  is  greater;  in  order  to  obtain  forms  in  every 
respect  more  analogous  to  the  rest  of  those  contained  within 
the  compass  of  fcnrms  derived  from  the  scalrae  four-sided 
pyramid*  The  last  example  shews  how  a  pjramid  de- 
rived from  a  member  of  a  subordinate  series,  maj  be  trans- 
fi>nned  into  another  which  belongs  to  a  member  of  the 
principal  one.  These  two  kinds  of  permutation  sufficiently 
account  for  the  utility  in  the  employment  of  the  double 
node  of  deriving  and  of  designating  forms,  which,  for  their 
absolute  dimensions,  might  be  considered  as  being  identicaL 

The  values  of  m  most  commonly  fi>und  in  nature  are  3, 
4  and  5,  particularly  the  first  of  them ;  and  there  is  scarcely 
a  species  to  be  firand  presenting  fi>rms  in  connenon  with 
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the  lealeD*  fiiur-«ded  pynmi^  which  doei  not  sfford  ex- 
Mupleft  of  their  oocurrenoe.  Piimiatic  and  prismatoidal 
Halobuyte,  priamatic  Topaz,  piiflmatic  Chrysolite,  maT  he 
quoted aaezamples.  Bendea  these,  (P  -l-  u)*  aiid<P  +  n)* 
occur  ia  prismatic  HaL^Murjte,  (Pr  -i-  n)*  in  prismatoidal 

Antimonj-giaiice,  (P  +  n)'  in  prismatoidal  Manganese- 


§•  96.    SCBORDIKATE  8BEIB8. 

There  exist  aevend  series  of  forms,  homogeneous 
and  of  similar  bases  with  that  of  §.  90.  and  belonging 
to  it,  in  reference  to  which  the  latter  is  termed  the 
Princtpdl  or  Fundamental  SerieSy  while  the  others 
are  said  to  be  Svbordmate. 

A  Suhordijiate  Series  is  a  succession  of  homogeneous 
finrms,  whose  bases  are  equal  and  similar  to  those  of  the 
members  of  the  principal  series,  but  possessing  axes, 
which,  on  account  of  their  relative  magnitude,  are  ex- 
eluded  from  the  principal  series  .*  these  members,  however, 
may  fi»rm  another  series  among  themselves,  which  follows 
the  law  of  progression  of  the  principal  one. 

The  members  of  the  subordinate  series  may  be  deriyed 
from  those  of  the  principal  series,  either  directly,  or  by  the 
interposition  of  certain  other  forms,  which  are  produced 
fivm  that  series.  In  the  present  case,  the  first  of  these 
methods  being  more  simple,  will  find  its  application. 

Let  AX,  Fig.  38.,  be  the  axis,  BCB'e  the  base  of  the 
fundamental  form,  and  the  pointo  A',  A",  &c.,  X^  X?",  &c, 
be  determined,  as  has  been  shewn  in  the  preceding  deriva. 

tions. 

Through  those  points  lay  the  two  rhombs  FGIH  and 
WGrvn\  similar  and  parallel  to  the  base  CB'CB :  produce 
the  axis,  so  as  to  have  2,%  a  m.  AX ;  draw  the  lines 
FSt,  GO,  &C.  FjT,  G^,  &C.  and  lay  planes  into  these  in 
such  situations  that  they  include  a  space  by  themselves. 
This  space  will  have  the  form  of  a  scalene  four^sided  ^ynu 
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mid,  the  base  of  which  ia  similar  to  that  of  P.  The  flame 
result  is  obtained  hy  applying  at  once  the  third  method  of 
derivation  (§.  82.)  to  the  intermediate  form  hi  g.  98.  This 
would  require  to  laj  planes  on  the  edges  formed  by  the 
intersection  of  the  fi^es  of  (^  +  n)^  with  those  of  (P  +  »)■>, 
the  inclination  of  these  planes  being  such)  as  to  make  their 
common  intersection  a  riiomb,  similar  and  p^TyHf>l  i^  Hi^ 
base  of  the  ftmdamental  form. 

It  is  now  wanted  to  determine  the  ratio  of  the  axis  of 
the  derived  pyramid  to  that  of  P,  the  horizontal  prcgectiona 
of  the  two  pyramids  being  supposed  eqiiaL 

For  this  purpose  draw  the  lines :  AA',  bisecting  the  edge 
Be  in  K;  MK  in  the  plane  of  the  base,  and  XA'  in  the 
plane  of  the  lower  rhomb,  parallel  to  MK.  From  the  A'" 
mikrxtj  of  the  triangles  AMK,  AXA'  follows 

XA'  »  2.  MK. 
Draw  now  the  line  A^  and  another  KSL'  parallel  to  it ; 
and  MQL'  will  be  half  the  axis  of  the  derived  pyramid,  its 
horizontal  projection  bdng  reduced  to  BCfit}'.    But  from 
the  nmilarity  of  the  triangles  SCA'X  and  3'KM  followa 

XA'  :  MK  »  Xa  :  MSI' 
or,  since 

aX  «  aM  4-  MX  »  (m  +  I)  a? 

2  :  1  =s  (m  +  1)  a  :  !i±i  a 

2 

and  consequently, 

a'M  « ""Itl.  a. 
2 

The  number  BLti  is  termed  the  co-efficient  of  the  sub. 
2 

ordinate  series,  and  prefixed  in  the  crystallographlc  sign  of 

one  of  its  members,  to  the  sign  of  the  member  of  the 

principal  series,  from  which  the  derivation  started,  so  that 

■       ■■  P  +  n  is  the  designation  of  an  indetermiiiate  aem- 

ber  of  the  subordinate  series. 

If  m  +  1  becomes  a  power  of  the  number  2,  the  deriva- 
lion  yields  a  member  of  the  principal  series  itself  $  and  if 
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""*"    ia  a  power  of  the  number  9  greater  than  1,  n  la  in- 

ereaaed  fbr  the  exponent  of  thia  power.  Any  other  m  pio- 
ducee  mie  member  of  a  aubontinate  aerieaihMn«f«^aoem. 

ber  of  the  principal  one.    In  thk  caae  — ZL.  ia  divided  bj 

ffaaft  powertif  Che  number  8,  which,  in  the  aeriea  of  theae 
powera,  difiera  leaat  firom  the  mentioned  number ;  n  la  in- 
creaaed  Ibr  the  exponent  of  that  power,  or  diminiahed  if 
that  power  be  negative,  and  the  quotient  thua  obtained  ia 
now  conaidered  aa  the  co-efficient  of  tine  member  of  the 
aubordinate  aeriea. 

The  expreaa&ona  for  the  conne  of  the  edgea  rdfarring  to 
thoae  members  of  the  aubordinate  aetiea,  are  developed,  aa 
haa  been  pointed  out  before  in  several  rimilar  oocanona. 

The  limita  of  the  aubordinate  aeiiea  evidently  ooincide 
with  thoae  of  the  principal  aeriea. 

From  the  value  of  m  s«  8,  »  4  and  »  6,  the  oo-eflSdenta 
of  the  aubordinate  aeriea  are  found  sa  |  and  »  )•  Tlieae 
and  their  inverse  |  and  |  have  already  been  fbund  in  na- 
ture ;  I,  for  instance,  id  prismatic  Hal-baryte,  f  in  pris- 
matic Lime-haloide,  |  and  }  in  prismatic  Sulphur. 

§.  97.   HORIZONTAL  PRI8H8. 

To  every  scalene  four-sided  pyramid^  derived 
from  P,  as  well  as  to  P  itself^  belong  two  JJoruxm- 
ial  Prisms,  one  of  which  refers  to  the  long,  the 
other  to  the  short  <£agonal  of  the  base  of  the  fun- 
damental form. 

» 

In  any  acalene  fbur-nded  pyramid,  we  may  suppose  one 
of  the  diagonals  of  the  baae  to  be  increased  continually, 
while  the  other  remains  unchanged.  The  value  of  the  ter- 
minal edges  changea  with  the  increase  of  the  diagonal  The 
edge  which  ia  contiguous  to  the  unchanged  diagonal  ap- 
proaches to  180^.  That  contiguous  to  the  increasing  one 
approacbea  to  equality  with  the  angle  of  the  principal 
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section  tiuroufj^fa  the  axu  and  the  unchanged  diagonal,  and 
these  limits  are  attained  when  the  increasing  diagonal  he. 
comes  infinite^  The  pjnonid  is  thus  tnuiBfonned  into  a 
lirism,  the  axis  of  which  is  the  infinite  diagonal  t  its  situa- 
tion is  horizontal,  and  on  this  account  the  whole  foim  is 
termed  a  Horizontal  Prhm,  Since  each  of  the  diagonals 
may  thus  he  supposed  to  increase  till  it  becomes  infinite, 
thoe  wiU  be  two  horiKontal  prisms  belonging  to  eyety  sca- 
lene four«sided  pjnunid,  and  each  of  these  prisms  is  refer- 
red to  that  diagonal,  which  remains  unchanged,  while  the 
other  increases  to  infinity. 

This  mode  of  considering  the  matter  will  suffice,  fer 
giving  a  general  idea  of  horizontal  prisms.  But  it  has  no 
connexion  with  the  relations  of  forms  developed  in  the 
preceding  paragraphs,  where  there  exists  nowhere  an  ab* 
solute  increment  of  a  diagonal,  this  being  alwajrs  a  conse- 
quence of  a  simultaneous  increment  of  the  axis  (§.  93. 96.). 
In  the  principal  Beriea,  whose  members  also  possess  thdr 
appropriate  horizontal  prisms,  the  diagonal  do  not  change 
at  all,  while  the  axes  may  be  increased  to  infinity. 

There  are,  however,  two  methods  of  obtaining  horizon- 
tal prisms,  in  connexion  with  other  forms :  either  the  intei^ 
mediate  form  (§.  90.)  is  resolved  by  enlaiging  its  homolo- 
gous fiuses,  or  tangent  pfames  are  laid,  not  on  all,  but  only 
on  the  homologous,  terminal  edges  of  the  ^ven  scalene 
four-eided  pyramid.    The  result  is  the  same  in  both  pro- 


The  designation  of  horizontal  prisms  is  in  general 
Fr  +  n ;  it  is  l^r  +  n,  if  they  belong  to  the  longer,  it  is 
Pr  +  n,  if  they  belong  to  the  shorter  diagonal  of  P.  If 
the  faces  of  l^r  +  n  and  those  of  Pr  +  n  appear  in  combina- 
tion with  each  other,  and  produce  the  intermediate  form, 
their  relative  breadth  is  in  the  ratio  of  those  diagonals 
to  which  their  axes  are  parallel.  This  intermediate  form, 
in  as  &r  as  it  is  a  compound  form,  receives  the  com- 
pound sign  f  r  +  n.  Pr  +  n ;  but  in  as  far  as  it  is  em- 
ployed in  the  derivation  of  other  forms,  as  in  §.  95.,  the 
sign  Pr  +  n  is  applied  to  it,  because  the  reference  to 
the  diagonals  is  only  taken  into  consideration  afterwvds. 
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§.  98.    SEXI&8  OF  HOKIZOHTAL  PRISMS,  ASD  TH£Ift 
LIMITS.      IKCLINATION  OF  THE  AXIS. 

£veiy  series  of  scalene  four-sided  pyramids  has 
two  concomitant  series  of  horizontal  prisms.  The 
limits  of  these  series  are  planes,  which  are  perpen- 
dicular to  those  diagonals  to  which  they  belong, 
if  -I-  n  becomes  infinite,  and  perpendicular  to  the 
axis  of  the  fundamental  form,  if  -^  n  becomes  in- 
finite. 

The  dengnation  of  an  indeterminate  memWr  in  each  of 
these  series  is  ^!-tl  ^r  +  n  and?±lPT+  n,  which,  if 

m  a  1,.  signifies  a  member  of  the  principal  series.  Ftom 
every  other  value  of  m,  provided  m  +  1  be  not  a  power  of 
the  number  2,  a  member  of  a  subordinate  series  is  obtain- 
ed* If  m  +  1  be  a  power  of  the  number  2  greater  than  1, 
jet  the  coefficient  nevertheless  will  remain  »  1,  as  in 
eveiy  other  member  of  the  principal  series ;  but  the  n  in 
its  crjstallographic  sign  is  augmented  for  the  exponent  of 
that  power,  just  as  has  been  mentioned  above,  in  respect 
to  members  of  subordinate  series. 

There  is  no  particular  designation  required  for  such  hori- 
zontal prisms  as  belong  to  pyramids  of  dissimilar  bases, 
§.  92.' and  §.  95.,  because  their  principal  sections  coincide 
with  those  of  the  pyramids,  already  expressed  by  the  above 
mentioned  signs.  This  may  be  proved,  for  some  of  them, 
by  considering  in  general  the  ratio  between  the  axis  and  the 
two  diagonals  of  pyramids,  derived  according  to  an  undeter- 
mined m ;  and  for  others,  by  taking  the  determined  value 
of  m,  as  obtained  finom  observation* 

A  horizontal  prism  is  determined  by  the  cosine  of  that 
terminal  edge,  which  is  contiguous  or  parallel  to  the  infinite 
diagonal,  or  by  that  angle  of  the  principal  section  of  the 
pyramid,  which  lies  in  the  terminal  point  of  the  axis. 

The  values  of  these  cosines  are  obtained,  if  in  the  gene- 
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nl  expressions  of  these  quantities  fbr  _ Z.  P  +  n,  one 

of  the  diagonals  after  the  other  b  supposed  infinite.  In  the 
horiaoDtal  prisms  belonging  to  P,  the  values  of  the  cosines 
are  as  follows : 

^    K-  a*  — .  b« 

forPr»  COS.  y  ■»  ,      ■. ,  ; 


fbr  Pr,  COS.Z 


a«  +  b« 
a«— c« 


a«  +  c» 

Aa  to  the  limits  of  the  horicontal  prisms,  it  is  erident, 

that  in  the  same  proportion  in  which  the  axis  of  the  pjn. 

mil 
mid    ^-ZL.  P  -ft*  n  increases,  the  angle  of  the  horiisontal 

prism  at  the  axis  must  diminish ;  and  that  it  must  entirelj 
disappear,  when  the  axis  becomes  infinite.  The  supple- 
ment of  this  evanescent  angle  is  »  180^,  and  the  hori- 
contal prism  therefore  is  transformed  in  two  unlimited  pa^ 
nllel  planes,  perpen^ciilar  to  those  diagonals  to  which  they 
belong.  If  on  the  other  side  the  axis  decreases,  the  same 
angle  becomes  greater  and  greater,  and  at  last «  180%  if 
the  axis  is  infinitelj  smalL  The  supplement  of  this  angle 
is  aa  0 ;  the  fiuses  of  the  horizontal  prism  cont^ous  to  the 
opponte  ends  of  the  axis,  coincide  with  the  phme  of  the 
basu ;  and  thej  appear  as  fiuxs  perpendicular  to  the  axis. 

This  is  the  result  of  ^Ltl  ftr  +  co  and?^  Pr  +od, 

and  of  *!!l±i  Pr  -  «  a^d  "?±1  Pr  —  CO.    ^ 
8  2 

The  series  of  horieontal  prisms  between  their  limits,  are 

expressed  bj 

P  —  •  ...  5 Pr  +  n  ...  Pr  +  n, 

2 

P— ce  ...  ?Lti  Pr  +  n  ...  Pr  +  C0. 
2 

The  fiice  perpendicular  to  the  axis  has  received  its  sign 

as  the  limit  of  the  principal  series ;  and  in  the  limits  for 

n  »  +  OB,  it  is  unnecessar^r  to  attend  to  the  co-efiicienta  of 

the  different,  scries. 
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The  method  of  derivation,  appUed  to  the  scalene  four- 
aided  pTTamtd,  is  to  general,  that  it  wUl  remain  unaltered, 
and  yield  Binular  forms  and  relations,  even  though  the  axis 
of  the  fundamental  form  shouhi  be  Inclined  at  an  angle  to 
the  plane  of  the  base. 

This  ImcRtuaiom  of  the  Axi$  mstj  take  place,  either  in  the 
plane  €f  onlj  one  of  the  diagonals  of  the  rhombic  base, 
as  in  Fig.  41.,  or  in  the  planes  of  both  diagonals,  as  in 
Fig.  42.  In  the  first  two  principal  sections,  ACA'C  and 
BCB'C  are  rhombs,  and  one  AfiA^'  is  a  rhomboid; 
in  the  second,  onlj  BCB'C  is  a  rhomb;  and  both  the 
oUien,  ACA'Cy  and  ABA'B'  axe  rhomboids.  A  third  case 
is  still  possible,  where  all  the  three  principal  sections  would 
yield  rhomboidal  figures,  upon  which  supposition,  how- 
ever, the  diagonsla  CC  and  BB'  themselves  intersect  eadi 
other  at  oblique  angles  in  the  point  M.  From  the  want 
of  suffidently  accurate  observations,  it  is  at  present  impos- 
able  to  decide  which  of  the  two  last  cases,  or  whether 
perhaps  both  of  them  take  place  in  nature^  while  the 
foct  of  an  inclination  of  the  axis  In  the  plane  of  one  of 
the  disgonals  has  already  been  established  by  numerous  ob- 
servations. According  to  the  principles  laid  down  in  §.  87* 
as  respects  the  determination  of  fimdamental  forms,  it  will 
be  impossible  to  limit  the  number  of  these  to  four,  because 
forms  whose  axis  is  inclined,  cannot  be  derived  from  others 
whose  axis  is  perpendicular  to  the  base  by  any  of  the  given 
processes  of  derivation.  Without  entering  here  into  the 
full  developement  of  the  theoiy  of  these  forms,  and  without 
drawing  all  the  necessary  consequences  from  this  import- 
ant fiwrt,  it  may  be  usefid  to  mention  some  of  the  alge- 
bruc  formulic,  dependent  upon  the  inclination  of  the  axis 
in  the  plane  of  one  of  the  diagonals. 

Let  a  :  b  :  c  r  d  denote  the  ratio  between  the  four 
lines  AP,  BM,  CM,  and  MP,  in  Fig.  41.,  the  following 
formulie  will  be  obtained : 

a*  (b»  —  c«)  —  c«  (b  +  d)». 


cos.y 


a»(b*  +  c«)  -*-  €"(5  +  d)- 
cos,  y' «  a*(b'-c«)-.c«0)~d)^ 
a«  (b«  +  c«;  +  c*(b  — dj- 


; 
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a*  (c*  ^  b«)  —  c«  (b«  — .  d«) 

Vl(«*(b"+c*)+c«(b-»-d)«)(a«(b«+c«)+c«(b— d)«)]' 
c«  (b»  —  d*)  ^  a*  (b«  -f  c>) 

Vl(a«(b«+c*)+c«(b+d)«)(a«(b*+c«)+c«(b— d)«)]" 
The  angles  of  the  principal  sections  are  found  hy  means 
of  the  following  formulae : 

a«  +d*  — c*. 


COS,Xss 
COS.ZS 


COS.  CAC  a 
COS.CfiCa 

COS.  BAB'  =. 


a*  +  d"  +  c* 
b»— .c« 

• 

b«  +  c«  * 

a«  —  b«  +  d» 


V  [(a*  +  (b  +  d)«)  (a»  +  (b  —  d)«)l 
In  most  cases,  it  will  be  convenient  to  have  the  angles 
RAP  and  B'AF  separate!/,  as  given  bj  the  foimulse : 

tang  BAP  =.*^  "*"  *^ 


tang  B'AP 


a 
b  — d 


a 

For  finding  the  Angle  oflndinaikm^  or  that  at  which  the 
axis  AA'  is  inclined  to  the  line  AP,  perpendicular  upon 
the  base,  we  have 

tang  MAP  »  —. 

a 

The  terminal  edge  of  the  horizontal  prism  belonging  to 
the  diagonal  c,  is  expressed  in  the  fi>rmula : 

a*  —  c« 
a*  +  c« 
that  lateral  edge  of  P  +  ee  which  is  contiguous  to  the  dia- 
gonal   b,  in  the  formula : 

^  a'b»-c>(a>+dO 

a»  b»  +  c«  (a»  +  d«) 
In  such  forms  as  Fig.  42.,  where  the  axis  is  inclined  in  a 
plane  which,  if  it  intersects  the  base  at  right  angles,  passes 
through  neither  of  its  diagonals,  the  formulie  become  mofe 
complicated  bj  the  introduction  of  a  new  variable  quantity 
e  a  PR,  yet  the  general  processes  of  derivation  are  still 
applicable  to  the  same  extent  in  this  apparently  irregular 
figure,  as  they  are  to  the  scalene  four^ided  pyramid,  whose 
axes  are  perpendicular  to  each  other. 
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2.  BEMTATI0V8  FBOM  THK  XBOflOBUBS  TOmUSlBXD 


§.  99.    DEEIVATIOM  OF  HOHOOENEOUS  F0EM8. 

From  every  isosceles  four-sided  pjnimid  another 
form  of  the  same  kind  may  be  derived,  which  is 
more  obtuse,  and  in  a  diagonal  position  to  the  fun- 
damental one. 

The  derimtion  is  effected  b j  jaying  tangept  planes  on 
the  terminal  edges  AB,  AC,  Ac  of  the  given  pyTamid 
ABCB'CyX,  Fig.  45.,  and  enlarging  them  tiU  they  wholly 
include  the  space  AFGFGOC:  (g.  80.>  The  result  of  this 
operation  is  at  once  the  derived  form  itself,  because  Uu^ 
terminal  edges  of  the  fundamental  pyramid  are  equal  tp 
each  other. 

In  this  case,  also,  the  process  may  be  inverted.  Dnwfor 
this  purpose  the  perpendicular  lines  jfrom  the  apices  to  the 
lateral  edges  upon  each  of  the  fiu^e8  of  the  given  isosceles 
four-sided  pyramid,  and  by  planes,  laid  through  eveiy  two 
a^acent  ones  of  these  lines,  detach  those  parts  of  the  fonn 
which  are  situated  towards  their  outside.  The  remaining 
form  is  the  same  isosceles  four-sided  pyramid,  fh>m  which, 
after  the  process  described  above,  the  given  more  obtuse 
pyramid  has  been  derived. 

The  terminal  edge  of  the  given  pyramid  coincides  with 
the  perpendicular  line,  drawn  upon  the  &ce  of  the  derived 
form,  from  the  apices  towards  the  lateral  edges,  as  is  evi- 
dent from  the  circumstance  that  these  planes  touch  the 
given  pyramid  in  its  edges.  The  base  of  the  derived 
pyramid  is  the  square  drcumacribed  about  the  base  of  the 
fundamental  form ;  it  is  inscribed,  if  the  method  has  been 
appUed  inversely.  The  two  pyramids,  and  thus  every 
two  which  aie  in  the  same  relation,  assume  such  a  posi- 
tun  towards  eadi  other,  that  the  diagonals  of  the  base  of 
the  more  acute  pyramid  are  parallel  to  the  sides  of  the  base 
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of  the  moie  obtuse  onoi  and  x/iee  versa.  This  is  tenned 
the  dlagomalpoeiilon>  If  firom  the  more  obtuse  pynaud  aiio« 
ther  stUl  more  obtuse  is  deriTed,  and  from  the  more  acute  one 
another,  still  more  acute;  these  new  pjramids  are  diagonal- 
IjT  situated  to  that  one  from  which  they  are  derived ;  but  to 
the  fundamental  ffarm  thej  are  in  such  positions  as  to  have 
their  sides  and  diagonals  pandlel  to  the  analogous  lines  of 
the  other,  and  this  is  tenned  the  jomfltf  poritJon. 

§•  100.  BATIO  BBTWEEK  THE  DEBIVED  Ain>  THE 

TfniDAMEKTAL  FOBM. 

The  axis  of  an  isosceles  four-sided  pjramidy 
whose  faces  touch  the  edges  of  another,  is  to  the 
axis  of  this  latter  pyramid,  in  the  ratio  of  Vi  •  1 ; 
the  axis  of  that  pyramid,  whose  edges  are  touched 
by  the  planes  of  another,  is  to  the  axis  of  the  latter, 
in  the  ratio  of  V2  •  1*  ^^  hoth  cases,  the  ades  of 
the  horuBontal  projection  are  supposed  equaL 

Let  AM,  Fig.  4ft.,  be  half  of  the  axis,  BCB'C  the  base 
•of  the  flmdamental  form  {  FAG  wiU  be  a  pJane^  laid  on 
the  texminal  edge  AB,  GAF'  another,  hud  on  the  termi- 
nal  edge  AC,  &c  I  there&reFGFQ' will  be  the  base,  and 
FA,  GA,  Ac  the  tenninal  edges  of  the  derived  pynmid* 
The  axis  AM  is  common  to  both. 

The  square  FGF'G^ «  2.  BCB'C, 
hence  FG  »  GF  «  BC  ^2* 
and    FGtBe«iMGsMB«.V8:l* 

Describe fixnnM  with  the  distance  MB,  theazt  BB^;  it 
wiU  Mow,  that 

MB'* «  MB  s  ^. 

Draw  the  line  B''A' parallel  to  G A I  MA' wiU  be  half  of 
the  axis  of  the  derived  pyxamid,  its  hozuEontal  pngection 
being  equal  to  BCB'e.  In  the  similar  trianglee  AGM 
and  A'B'M,  u 
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GM  :  MA  »  B"M  s  MA', 


or 

GM  :  MA»  ^^  ;  MA% 
tberefiire 

MA'.     ^^ 


V8 
In  order  to  find  the  ratio  of  the  axu  of  the  more  acute 

pyranitd,  from  which  the  more  obtuse  one  maj  be  derired, 

upon  the  supposition  of  their  horizontal  prqjections  being 

equal,  let  FGFG'  be  the  base  of  the  latter;  BCB'C  wiU 

be  the  base  of  the  former,  if  the  axes  of  the  two  pjnadidi 

axe  supposed  equaL 

But  we  have  BCB'C  «.  \  FGFG^. 

ThereflbfeBC  «!!?, 

^'  1 

and  Be  s  FG  «  MB  s  MG  »  -i^  t  1. 

Produce  the  line  MB,  and  with  the  distance  MG,  de« 
scribe  from  the  pointM  the  arc  GG%  MG^  will  be*.  MG 

»MB.  V^ 
Now  produce  the  axis  AM;  and  draw  G^A^  parallel  to 

BA;  MA^  wiU  be  half  the  axis  of  the  more  acute  pyiamid, 

its  horizontal  projection  being  equal  to  FGFG*.    In  the 

similar  triangles  BAM,  G^'A"^  the  Mowu^  pioportian 

takes  place  x 

BM  s  MA  »  G^'M  :  iiA^ 
er 

BM  s  MA  a  MB.  J  8  i  MA^ 
therefore 

MA^'sMA.  V^ 

§.  101.  8XBIB8  OF  IBOfiCXLBS  FOUMilDBD  FTKAMID9, 

Every  derived  pTramid  may  again  be  considered 
asafundamental  fonn,  and  the  derivation  may  be  con* 
ThiB  will  produce  a  series  of  ieosoeles  four- 
pyramids,  whose  axes  increase  and  decrease 
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like  the  powers  of  the  square  root  of  2;  the  hori- 
zontal projections  of  these  forms  being  always  sup- 
posed equal. 

Ab  in  §.  90.  the  ftindameiital  pyramid  is  designated  by 
P,  the  more  obtiue  memben  in  their  aueoeamon  by  P  —  1, 
P  ».  2,  P  —  S,  Ac.  the  more  acute  memben  by  P  +  1, 
P  -I-  2,  P  -I-  S,  &C.  This  designation  not  only  rests  upon 
the  same  principles  as  that  in  §.  90.,  but  is  in  fiurt  exactly 
the  same.  Since  it  is  necessary  to  know  before  hand 
whether  P  is  an  isosceles  or  a  scalene  four-sided  pyxamid, 
if  the  forms  derived  from  it  are  to  be  takoi  into  consider- 
ation ;  this  identity  of  the  designation  can  neither  in  this 
nor  in  anyother  case,  admit  o(  or  giverise to,  any  amingui* 
ty.  Suppose  theaxis  of  P  «  a ;  the  series  of  pynunids,  and 
that  of  their  axes,  wiU  appear  as  follows : 

...  P  —  3,  P  —  2,  P  —  1,  P,  P  +  1,  P  +  2,  P  +  8  ... 

2V»  2^        V*     "^   '^      "»       "»       '^ 

The  ratio  of  the  axes  is 

...  — ^    :J_x-i-:lsV2:2:  2^2... 
2^2  2  V2  ^  ^ 

thatistosaj 

...  V*-*J  V»-*«  V»-*:  V2*;  V«'  :  V2's  V2'  ... 
The  axis  of  an  undetermined  n*^  member,  or  of  P  +  n,  is 

B^  2".  a  SB  2'.  a ;  and  this  expression  is  the  Lav  ofPro^ 
gretiUm  of  the   series,   whose   fundamental   numbes    is 

It  is  evident,  that  subsequent  members  of  the  series  are 
in  a  diagonal  position,  altemsting  members  in  a  parallel 
position ;  and  since  the  position  of  P  may  be  taken  for 
normal,  all  members  of  an  even  exponent  will  be  in  a 
parallel  position,  those  of  an  odd  exponent  in  a  diagonal 
position. 

The  algebraic  expressions  in  §.  62.  refer  to  the  edges  of 
.     P.    Those  of  P  +  n  are  obtained  by  substituting  2".  a*  in 
the  place  of  a*. 
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§.  102.  LIMITS  OF  THE  SEBIES. 

The  limits  of  the  series  §.  101.  are,  on  one  ride 
a  plane  perpendicular  to  the  axis,  on  the  other  two 
rectangular  four-rided  prisms,  one  of  which  is  in 
a  parallel,  the  other  in  a  diagonal  position  with 
the  fundamental  form. 

The  origin  of  these  ptiama  is  sufficient!/  eyident  from 
§.  91.  If  the  diagonals  of  the  base  of  the  pynunid  be  sup- 
posed 'eqiud,  a  rectangular  foujr-sided  prism  is  obtained, 
instead  of  an  oblique-angular  one.  It  appears  likewise,  from 
the  calculations  in  §.  101.,  that  an  isosceles  four-rided  pyra- 
nud  of  an  infinite  axis  is  txansformed  into  a  rectangular 
four-rided  prism. 

The  series  of  scalene  foinr-sided  pyramids  is  limited  on  one 
ride  by  a  plane  perpendicular  to  the  axis,  on  the  other  by 
a  rii^le  prism,  because  there  exists  no  difference  in  the 
porition  of  its  members.  But  there  is  a  difference  of  that 
land,  in  the  series  of  isosceles  four-rided  pyramids,  in  which 
the  porition  of  two  subsequent  members  changes  from 
the  parallel  to  the  diagonal,  and  from  the  diagonal  again  to 
the  panllel  porition ;  and  since  the  last  member,  or  the 
limit  of  the  series,  may  be  considered  in  the  one,  as  well 
as  in  the  other  of  these  poritions,  it  becomes  necessary  to 
assume  two  rectangular  four-rided  prisms  of  infinite  axes, 
as  limits  of  this  series,  one  for  the  parallel,  the  other  finr 
the  diagonal  porition  of  two  prisms  limiting  the  series. 
This  supporition  is  exactiy  conformable  to  experience. 

The  limits  on  the  opporite  ride  are  squares  equal  to  the 
horizontal  projection,  because  the  isosceles  fbur-rided  py. 
ramid,  if  its  axis  becomes  infinitely  small,  is  transformed 
into  a  square  plane  figure.  Here  the  difi^renoe  of  the 
porition  can  no  longer  be  conridered,  because  this  pynmid 
bring  nothing  but  a  plane  figure,  cannot  appear  by  itself  in 
nature,  and  receives  its  boundaries  fi^>m  the  intersection 
with  the  planes  d  other  pyramids  and  prisms. 

The  designation  of  the  limits  is^  agreeably  to  whet  has 
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already  been  stated,  P^tt  and  P -I- oe.  Since  in  the  latter 
case  it  is  imposaibie  to  aigue  from  the  exponent  upon  the 
position  of  the  Ibnn,  it  is  necessaij  to  express  this  diffisrence 
of  the  two  four-sided  prisms,  b/some  other  contriFanoe  in  the 
designation.  The  prism  in  the  parallel  pcfsition  receives  the 
sign  as  it  has  been  employed  above,  the  sign  of  that  in  the 
diagonal  position  is  inclosed  in  crotchets,  and  the  dea%na- 
tion  of  the  series  of  isosceles  four-sided  pjramida  between 
its  limits  is  therefore  as  foUows : 

P_»  ...P  +  n...|j^+*j|. 

Five  memben  of  this  series  have  been  obserred  in  pjx«« 
midal  Garnet,  four  of  them  being  oonsecutive,  in  the  same 
•pedes  also  the  limits  on  both  sides  of  the  series.  Four 
oonaaeutive  memben  are  known  in  pyramidal  Copper* 
pyrites,  three  in  pyramidal  Lead4wiyte,  pynumdal  Tin* 
ore,  pyramidal  Titanium-ore.  The  limits  of  the  series 
notsdt  stall  more  frequently,  even  in  those  species,  which 
esihibit  fower  members  of  finite  dimensions. 

§•    106.    DBEIVATIOK    OF     8CALENK    XIGHT-SIDXD 

PTBAMID8. 

Fxom  every  member  of  the  series  §.  101.,  seve- 
re scalene  eight-sided  pyramids  may  be  derived. 

This  derivation  is  effected  according  to  the  second  method 
(§-  61-)9  *nd  it  is  applied  after  a  preparation  of  the  form,  as 
described  in  §.  93. 

The  fooes  of  the  isosceles  four-sided  pyramids  being  iso* 
seeks  triangles,  the  figures  BACA',  CAB'A^  &&,  Fig.  40., 
wiU  be  rhombs,  and  the  points  A',  A'',  &c  X',  X^  Ac  will 
b^  situated  in  the  angles  of  two  squares,  whose  planes,  like 
thoseof  the  rectangular  figures,  §.  98.,  are  perpnidicular  to 
the  axis  in  the  terminal  points  A  and  X.  These  squares 
k'A!*A!^A!^  and  X'X'X'''X''''  are  equal  and  parattd  to 
the  square  circumscribed  about  the  base  BCB'C 

Draw  now  fixmi  the  points  A',  A^' Ac  towards  the  upper, 
frpm  the  points  X',  X'',  &c.  towards  the  lower  terminal 
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pomt  of  the  produoed  axtt,  the  straight  lines  A%  A^» 
&c,  'Kffy  X'f ,  &C.  These  lines,  and  aoeordin|^7  their 
intersections  S,  S',  Sue  will  be  situated  in  planes,  whidi  are 
perpendicular  to  the  fiices  of  the  isosceles  fi>ur-oded  pyr^ 
mids ;  and  the  lines  BS,  C^  &c.  are  therefore  equal  to 
each  other.  Thus  likewise  the  triangles  BSIS,  SSIC,  &c 
are  equal  and  similar  to  each  other,  and  the  form  obtained 
bj  the  derivation  is  a  simple  one,  namely,  the  scalene 
eightAded  pjiamid  0'BSeS^'SrCS''jr. 

The  designation  of  the  scalene  ei^t-sided  pjiamids  is 
(P  -I-  n)%  in  agreement  with  §.  92.  It  comprehends  as  it 
were  at  once  the  two  pjrramids  (t^  -I-  n)  ">  and  (P  -I-  n)»  of  the 
mentioned  paragraph,  which  forms,  in  the  present  case,  would 
be  equal  and  rimilar.    The  axis  of  the  scalene  ei^t-sided 

n  n 

pjramidis  as  2^.  m.  a ;  where  2*.  a  is  the  axis  of  P  +  n* 

The  rektive  length  of  the  axis  of  the  ei^t-sided  and  the 
Ibur-sided  pyramids,  is  expressed  by  the  nimiber  m,  as  in 
§•  92.  The  only  values  of  this  number  yet  ascertained  by 
observation  relative  to  the  pyramids,  are  3,  4,  and  5 ;  and 
although  it  cannot  be  determined  in  general,  yet  it  must 
always  be  rational,  positive,  and  greater  than  1  +  V  ^ 
(^66,&,y  This  supposition  is  necessaiyfbr  making  it  possible 
to  determine  the  position  of  scalene  eight-sided  pyramids 
among  themselves,  and  towards  isosceles  four-sided  pyra« 
mids.  If  m  is  equal  to  1  +  j^  2,  the  eight-sided  pyrunid 
is  isoscdes ;  if  it  is  less  than  1  +  >^  2,  the  acute  terminal 
edges  are  transformed  into  the  obtuse  ones,  and  vice  vertOm 
And  since  every  scalene  four-sided  pyramid,  derivable  from 
P  -I-  n,  according  to  a  certain  m  less  than  1  +  ^2,  can  like- 
wise be  derived  according  to  another  m  greater  than  1+^/% 
i  from  another  more  obtuse  isosceles  four-elded  pyramid  P + n' 

connected  with  P ;  this  suppodtion,  by  excluding  the  above 
mentioned  values  of  m,  produces  at  once  nmplidty  and  dear* 
ness  in  the  consideration  of  these  forms.  By  the  supposition 
of  m  being  greater  than  1  +  V^  ^^  ^  ^^  poanble  to  avoid 
a  double  designation  of  the  same  kind  as  that  mentioned  in 
i§.  95.  These  considerations,  however,  yield  a  formula 
lor  changing  any  pyramid  (P  +  d}^,  in  which  m  is  less 


.1 
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than  1  4-  ^/  3  into  anotlier(F  4-  nO"',  in.which  m' iagxeaU 
er  than  I  -^  J  2.    It  is 

m4-  1 


(P  +  n')™'  » (m  —  1)  (P  +  n  —  1)  «-i. 
Thus,  for  instance,  2  being  less  than  I  +  ij  2^  the  ngn 
of  a  pynunid  (P  +  1)*  may  be  transfonned  into  another 

(2  —  1)  (P  +  1  —  !)«-»  «  (P)»,  where  the  exponent  3 
is  greater  than  I  +  mJ  ^ 

The  position  in  which  the  scalene  eight-sided  pyramid  is 
obtained  from  the  isosceles  four-sided  pyramid,  supposing 
m  to  be  greater  than  1  -|-  i^  2,  is  the  paraUd  podtion,  that 
which  differs  from  it  for  4d%  the  diagonal  position.  In  the  pa- 
rallel position,  a  plane  through  the  axis  and  the  acute  teijmi- 
nal  edge  of  the  eight-sided  pyramid,  passes  at  the  same  time 
throu^  the  acute  terminal  edge  of  another  eight«ided  py- 
raia&d,  or  through  the  perpendicular  line  fivm  the  vgex^ 
upon  the  ftce  of  an  isosceles  four-sided  one,  whilst  in  the 
diagonal  position,  the  same  plane  passes  through  the  obtuse 
terminal  edge  of  the  other  eight-sided,  or  through  the  ter- 
minal edge  of  the  four-sided  pyramid. 

Pyramids  expressed  by  the  sign  (P  +  n)*  axe  frequently 
met  with  in  nature,  as  in  pyramidal  Garnet,  in  pyramidal 
Zircon,  &c. ;  those  dependent  upon  other  values  of  m  oc- 
cur more  sparingly,  as  (P  +  n)«  in  pyramidal  Garnet,  and 
(P  +  n)*  in  pyramidal  Tin-ore. 

§.   104.   TH£  BASES  OF  THE   SCALEKX  FOUE-SIDED 
PYRAMIDS  DEPEND  UPON  m. 

For  one  and  the  same  m,  the  bases  of  all  fonns 
contained  under  the  sign  of  (P  +  n)%  are  equal 
and  similar  to  each  other. 

The  demonstration  of  this  proposition  follows  frt>m  §.  9S. 
The  lines  denoted  in  that  paragraph  by  b  and  c,  obtain 
here  the  determined  value  »  >^  2 ;  and  hence  we  have 

m+  I 
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The  magnitude  of  the  plane  VD^en  «f  the  base,  and  there* 
fere  of  all  aectiona  perpendicular  to  the  principal  axis  of  the 
scalene  etght-oded  pyramid,  depend  consequently  solely 
upon  m,  and  these  bases  are  equal,  whenever  m  is  the  same. 

§.    105*   SEfilES    OF    SCALENE   SI6HT-SIBSD   PTEA- 

MIDS. 

Every  member  of  the  series  §.  101.,  gives  for 
every  determined  m  likewise  a  determined  scalene 
«ight*8ided  pyramid.  The  forms  of  this  kind,  de- 
rived from  consecutive  members  of  the  series,  ac- 
cording to  one  and  the  same  m,  produce  a  parti- 
cular series  among  themselves,  the  axes  of  which 

n 

increase  and  decrease,  as  the  powers  of  ^/  ^,  or  as  2', 

These  series  arise  like  those  in  §.  95.  The  axes  of  their 
members  are  products  of  m,  the  number  of  derivation, 
with  the  axes  of  the  members  of  the  series  of  isosceles  four- 

n 

nded  pyramids,  »  2'.  m.  a ;   and  since  m.  a  is  a  ftctor 
common  to  them  all,  they  will  be  among  each  other  in 

the  x«tio  of  2>. 

n 

If  in  the  algebraic  expressions  §.  56.,  2'.  a  be  substituted 
for  a,  the  result  will  be  expressions  of  the  same  kind  for 
the  cosines  of  the  edges  of  (P+  n)"*. 

§.  106.   LIMITS  OF  THE  SERIES  OF  8CALSVS  KIGilT- 

STDED  PYRAMIDS. 

The  limits  of  the  series  of  scalene  eight-sided  py- 
ramids  are,  on  one  side  a  plane  perpendicular  to  the 
axis,  on  the  other  unequiangular  eight-sided  prisms, 
whose  transverse  sections  are  equal  and  similar  to 
those  of  the  members  of  the  series,  and  their  axes 
infinite.  The  latter  must  be  considered  in  two  dif- 
ferent positions. 


i 
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Thftt  theoe  limits  are  prisms  of  the  kind  aboTe  mentioned, 
fbUows  ftom  §.  96.  But,  as  his  been  siiewn  in  g.  109.  re- 
garding  the  lectangular  four-sided  prisms,  the  eif^t-sided 
prisms  must,  for  the  samt  reasons,  be  considered  in 
either  position,  the  parallel  as  well  as  the  diagonal  one ; 
and,  tiierefore^  two  limito  of  infinitely  long  axes  must  be 
assumed  for  the  series  of  scalene  eight-sided  pyramids,  one 
in  a  parallel,  the  other  in  a  diagonal  position  to  the  funda* 
mental  fi|rm>  The  positions  of  these  prisms  are  determined, 
like  the  positions  of  scalene  ei^^t-sided  pyramids. 

If  n  becomes  s  00,  (P+n)«  is  transformed  into  (P  +  qd)% 
(P ..  n)«  into  (P  — >  oo)"> ;  the  latter,  not  bdng  different 
fitHn  P  — ^  09,  is  denoted  by  that  sign.  In  (P  +  oo)n  the 
position,  wluch  cannot  follow  from  n  »  09,  must  be  indicat- 
ed by  the  designation,  and  this  is  efiected  as  in  four-sided 
prisms^  by  giving  to  the  parallel  prism  the  sign  (P  +  qd)™, 
to  the  dii^i^cmal  prism  the  sign  [(P  +  os)"].  The  designa- 
tion  of  the  whole  series  between  its  limits,  is  therefore : 

P-oo...(P  +  n)«  ..    {[JI+ «}!]}• 

Tlie  above-mentioned  algebraic  expressions  give  for 
n  »  +  •»,  the  cosines  of  the  angles  in  the  transverse  sec- 
tions of  the  unequiangular  eight-sided  prisms.    Thus, 

2  m 
cos.  y  8  — 


C08.X  as— . 


m«  +  I 
m«  — V 
m«  +  1 


The  fiiUowing  result  is  obUined,  for  the  above-mention- 
ed determined  values  of  m  (§.  103.). 
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Extmples  of  (P  +  qd)*  we  bave  m  pynmidia  Gtniel»  in 
both  poflitioos;  alio  in  pynunidal  Copper-pyiitn,  pjnu 

midalTin*oip,&c$of(r  +  ee)*  in  pywudal  Iiead4»rjte, 
and  pj^zamidal  Tin^ore. 

§.  107.   SUJiOJlBINATE  8£SI^9. 

There  wee  several  SubordinaU  Series  of  isosoeles 
four-sided  pyramids,  belonging  to  that  in  §.  103., 
which,  in  ndferenoe  to  these,  is  termed  the  Frinci' 
pal  Series. 


The  derivation  of  the  members  of  these  subordinate 
ries  is  exactly  the  same  as  that  employed  for  the  scalene 
four-sided  pyramids,  g.  9Q. ;  only  being  here  applied  to 
members  of  the  series  of  isosceles  four-sided  pyran^ds,  the 
result  will  be  the  required  subordinate  series  of  isosceles 
pyramids.      The    co-eflSdent   thus   obtained  is  likewise 

vn  ^U  1 

sa  ;  aifd  the  s ubozdinate  series  thjemselves  proceed 

according  to  the  law  of  the  principal  one,  and  are  bonnded 
by  the  same  limits. 

The  same  members  of  the  subordinate  series  may  also  be 
obtained  by  laying  tangent  planes  on  the  homologous  termi^ 
nal  edges  of  the  scalene  eight-sided  pyramids,  &c.  The  latter 
process  would  be  the  same  as  that  employed  in  g.  lie.,  ftr 
the  derivation  of  subordinate  series  of  rhombohedrgns  from 
the  principal  one.  The  results  of  this  and  of  the  preceding 
process  aie  identical  For  if  the  tangent  plane  be  laid  on 
the  acute  edges  of  the  scalene  dght-sided  pyramid,  the  oo» 

na    s  -   1 

efficient  obtained  will  be  —^ ;  if  it  be  laid  on  its  obtuse 
edges,  the  co-efficient  will  be    "*   .    By  substituting  seve» 

nd  values  instead  of  m,  for  instance,  ^ose  which  are  most 
commonly  found  in  nature,  we  obtain  members  belonging  to 
the  same  subordinate  series.  It  is  there&re  siafficient  tp 
assume  one  of  these  terms  as  the  general  algebraic  e^^res? 
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rion  of  the  eolcffictent.  If  the  cp^ffidenU  beoome  powen 
of  the  number  8,  the  memben  beLoag  to  the  principal 
seriefl.  The  members  of  the  subordinate  series  in  particu- 
lar ate  designated  by  ?i±iP  +  n,  agreeably  to  the  rules 

given  in  g.  96. 

The  pomtion  of  the  members  of  the  subordinate  series  in 
respect  to  those  of  the  principal  series,  fi^llows  eeailj  firom 
their  derivation ;  and  the  expressions  of  the  cosines  of  their 

.    edges  axe  found  by  substituting  ■»  a  instead  of  a  in 

the  formulfle  §.  56. 

The  values  of  the  co-efficients  hitherto  ascertained  by 
observaUon  are, -j^,  f ,  i^*,  and  |.  Members  of  the  series 
-^P  -H  n  occur  in  pyramidal  Zircon  and  pyramidal  Cop- 
per-pyrites; of  the  series  J  P  +  n  in  pyramidal  Tin-ore ; 
of  the  series  i^P  -|-  n  in  pyramidal  Lead-baryte,  pyra- 
midal Kouphone-spar,  of  the  series  |  P  +  n  in  pyramidal 
Kouphone-spar  and  pyramidal  Titanium-ore.  It  may  be 
remarked  here,  that  the  two  series,  j^P  +  n  and 
$  P  +  n  are  obtained  together  with  the  principal  series, 
i^  according  to  the  first  method  of  derivation,  tangent 
.  planes  are  applied  to  the  terminal  edges  of  those  eight- 
sided  pyramids,  which  depend  upon  m  s  3,  m  ss  4,  and 
m  Bt  ^. 


3.  DERIVATIONS  FROM  THE  RHOMBOHEDROK. 
§.  108.   DERIVATION  OF  HOMOGENEOUS  FORMS. 

From  every  rhombohedroD,  another  form  of  the 
same  kind,  but  more  obtuse,  may  be  derived.  The 
derived  rhombohedron  is  in  a  transverse  position  to« 
wards  the  fundamental  form. 

The  first  method,  §.  81.,  is  applied  here  without  sny 
fiirther  prepaxation  $  and  it  is  evident  that  the  form  thus 
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obtained  wQl  be  a  ifaombohedron,  which  is  more  obtuse 
than  the  given  one. 

The  inclined  diagonals  of  this  more  obtuse  zfaombohedron, 
assume  the  situatiim  of  the  tenniiial  edges  of  the  other ; 
while  the  horizontal  projections  of  both  are  paralleL  One 
of  these  fiynns  is  said  to  be  in  a /fwwvtfrr^  position  towards  the 
other,  because  this  position  majr  be  obtained,  by  turning 
a  xhombohedron  from  its  original  position,  round  the  prin- 
dpal  axis,  fbr  an  angle  of  60**  or  1 80^  If  a  rhombohedriNi  is 
in  the  transverse  position  towards  another,  it  majr  be  brought 
into  the  parallel  position,  only  by  tumii^  it  again  round 
the  axis  fbr  the  same  quantity. 

In  the  parallel  position,  a  plane  through  the  axia,  and 
the  inclined  diagonal,  or  the  terminal  edge  of  one  rhom- 
bohedron,  passes  at  the  same  time  through  the  inclined  dia» 
gonal  or  the  terminal  edge  of  the  other ;  in  the  transrerse 
position,  on  the  contrary,  the  pbme  through  the  axis  and 
the  inclined  diagonsl  ol£  the  one  at  the  same  time  passes 
through  the  terminal  edge  of  the  other  rfaombohedron* 

In  order  to  invert  the  process  of  derivation  given  above, 
draw  the  inclined  diagonals  upon  the  Aeen  of  the  rhombo- 
hedron,  and  take  away,  by  planes  passing  through  every  two 
adjacent  diagonals,  those  parts  of  the  form  which  lie  on 
their  outside.  The  remainder  is  the  more  acute  rhombo- 
hedron,  from  which  the  given  one  in  its  due  position  may  be 
derived  according  to  the  first  method  of  derivation,  as  em- 
ployed above. 

§.  109*    XATIO  OF  THE   DEBITED  EHOMBOHEDBON8. 

The  axis  of  the  rhombohedron,  whose  faces 
touch  the  terminal  edges  of  another,  is  to  the 
axis  of  this  rhombohedron  =  |  :  1 ;  and  the  axis 
of  the  rhombohedron  whose  terminal  edges  are 
touched  by  the  planes  of  another,  is  to  the  axis  of 
this  in  the  ratio  of  2 :  1 ;  the  horizontal  projections 
always  being  supposed  equal. 
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Lei  AX,  FJg.  46^  be  the  axis,  and  ACXB  tte  prindpal 
section  (§.  37.)  of  the  given  riiomboliedron ;  AC  will  be 
one  of  its  tenninal  edges. 

According  to  tlie  method  of  derivation  applied,  the  ter« 
minal  point  B'  of  tlie  inclined  diagonal  of  the  derived  rhoDi« 
bohednm  wili  be  situated  in  the  pralongatioa  of  the  tennl. 
nal  edge  AC  of  the  Aindamental  form.  Bnt  this  pointlies 
also  in  the  prolongation  of  QS',  a  Ime  perpendicular  to  the 
axis m  Ck  AQ  being  s  f  AX (§.  60.  n.>  Theiefiirethe 
terminal  point  B'  of  the  inclined  dii^onal  of  the  derived 
riiombohedron  coincides  with  the  interaectum  of  the  two 
produced  lines  AC  and  QS',  and  AB'  is  this  dii^pnal 
itsel£ 

If  in  the  same  waj,  the  lines  XB  and  PS  an  pro- 
duced till  tbey  intersect  each  other  in  e  i  XCistheother 
inclined  diagonal  of  the  derived  rhombohedron  parallel  to 
the  finner )  and  the  lines  joining  the  point  X  with  B%  tad 
A  with  C;  represent  tbe  terminal  edgeit,  AB'XC  acomd. 
ingly  the  principal  section  of  the  derived  ifaomboliedron. 

The  line  AX,  or  the  axis,  is  common  to  both  principal 
sections  ACXB,  and  AB^C  t  but  the  side  of  the  horiaon. 
tal  projection  of  the  given  riiombohednm  is  PC,  while* 
thflt  of  the  derived  rhombohedron  is  HBf. 

In  the  similar  triangles  APC,  AQB'  we  have 

FC  :  QB' «.  AP  t  AQ  »  i  AX  :  f  AX  B  1 : 8  (§.  60.  1 1  .)• 
Hence  the  side  of  the  horisontal  prqjection  of  the  deriv- 
ed rhombohedron  is  double  the  same  line  of  the  given 
rhombohedron,  thor  axes  being  equal;  and  the  inclined 
diagonal  AB'  »  XC  of  the  derived  rhombohedron,  is 
double  the  terminal  edgd  AC  »  XB  of  the  given  rhombo- 
hedron* 

Draw  now  the  line  BA'  parallel  to  CA,  and  B^A'  paral- 
lel to  B'A ;  BA'B'OC  will  be  the  principal  section,  and 
ArX  the  axis  of  the  derived  riiombohedron ;  provided  the 
two  rfaombohedrons  have  the  same  horizontal  prqjection, 
whose  side  is  sa  BQ. 

But  fai  the  similar  triangles  ACX  and  A'BX  the  follow- 
ing proportion  takes  place  a 
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AX  :  A'X  ..ex  :  BX  »  9  :^. 
Hence  the  axis  of  the  derived  rhombobedron  is  equal  to 
half  the  axis  of  the  fimdamental  one,  if  the  horizoatal  pxo- 
jectaoiui  are  equal. 

In  Older  to  find  the  ratio  between  the  azia  of  the  more 
acute  rfaombohedron  and  that  of  the  fimdamental  ihrm,  let 
ABXe  be  the  principal  section  of  the  latter,  the  aide  of 
the  horizontal  projection  being  CP.  In  this  case  AGXB 
will  be  the  principal  section  of  the  derired  rhombohedroo, 
the  side  of  its  horizmital  prqjection  sm  BQ,  and  its  axis  equal 
to  that  of  the  fundamental  rhombohedron. 

From  the  pomt  C  draw  the  line  CB"*  parallel  to  the 
axis,  produce  AB  to  B'^,  and  complete  the  rhomboid 
ABX'B'''/  Thia  is  the  prindpal  section  of  the  derived 
rhombohedron,  the  ride  of  the  horisontal  prqjection  being 

The  similar  triangles  ACX  and  ABX'  give 
AX  :  AX'  s  AC  X  AB'  «  1  :  2. 

The  axis  of  the  more  acute  rhombohedron  is  conse- 
quentljr  double  the  axis  of  the  fimdamental  fi>nn,  their  ho- 
zianntal  prqfections  being  equal 

§.  1 10.   SEAIX8  OF  BHOMBOHEDBOKS. 

Bj  oontmuing  the  derivation,  a  series  of  rbom- 
bohedions  is  obtained,  whose  axes  increase  and  de- 
crease as  the  powers  of  the  number  S ;  their  hori- 
zontal projections  bdng  always  supposed  to  be 
equal. 

This  series  corresponds  exactlj  to  the  series  of  scalene 
jfour-rided  pyramids  (§.  90.),  in  respect  to  the  ratio  be« 
tween  the  axes  of  Its  members,  in  as  much  as  it  dqpeods 
upon  the  same  fundamental  number. 

Designate  the  fimdamental  Jform  bj  R ;  R  -t-  n  will  be 
the  general  ezpceaaion  of  an  indeterminate  member  of  the 
series. 

Fig.  44.  will  assist  us  in  giving  a  clearer  idea  of  this  so- 
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ries.  Let  ACXB  be  the  principal  section  of  R.  Produce 
the  «>'g«  AX,  and  firom  the  points  B  and  C  draw  lines  paral- 
lel to  it ;  every  Une  drawn  perx)endiciilarl7  from  these  upon 
the  axis,  will  be  equal  to  the  side  of  the  horisontal  prqfec- 

tton  of  R- 

The  inclined  diagonal  of  R  becomes  the  terminal  edge 
of  R  4-  1.  The  inclined  diagonal  of  R  +  1  passes  through 
the  point  S,  the  centre  of  the  inclined  diagonal  XC  of  R. 
Hence  draw  the  line  AB'  through  S,  and  produce  this  line 
till  it  arrives  at  the  paxEllel  from  C ;  AB'  will  represent 
the  inclined  diagonal,  BABCSC'  the  principal  section,  and 
AX'  s  2.  AX  consequently  the  axis  of  R  +  1. 

The  inclined  diagonal  of  R  +  1  becomes  the  terminal 
edge  of  R  4-  3.  The  inclined  diagonal  of  R  +  2  passes 
through  S',  &C.  Draw  the  line  AB^  tUl  it  arrives  at  the 
penUel  from  B;  AB''  will  be  the  inclined  diagonal  of 
R  +  2,  AB'X'^B''  its  principal  section,  and  AX""  «  2.  AX' 
ss  4.  AX  its  axis. 

Thus,  considering  AB^  as  the  terminal  edge  of  R  +  3,  it 
wiU  be  found,  that  AB"^  is  its  incUned  diagonal,  AB'X''^'^ 
the  principal  section,  and  AX"^  a  2.  AX''  »  4.  AX'  » 
8.  AX  the  axis  of  R  4-  3 ;  and  in  this  manner  we  may  con- 
tinue the  series,  as  long  as  we  pleases 

The  axis  of  R  being  «  a,  that  of  R  4-  3  is  ««  2*.a,  that 

'      of  R  +  n»2".a,  that  of  R4-n4-  1  a2»^^a.     These 

Talues  substituted  in  the  expressions  g.  60^  give  the  cosines 

of  the  terminal  edges  for  any  required  member  of  the  series 

of  rhombohedrons. 

r 

§.111.  LIMITS  OF  THE  SERIES  OF  RHOMBOHEDRONS. 

The  limits  of  the  series  §.  1 10.  are,  on  one  side 
a  plane  perpendicular  to  the  axis,  on  the  other  a 
regular  six-sided  prism  of  an  infinite  axis.  The 
transverse  section  of  that  prism  is  equal  and  paral- 
lel to  the  transverse  section  of  the  fundamental 
form ;  the  figure  of  the  plane  perpendicular  to  the 
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axis  is  a  regular  hexagon,  equal  and  similar  to  its 
horizontal  projection. 

Lay  planes  of  intenecCion  through  the  horizontal  dia- 
gonals of  a  rhombohedron,  whose  axis  is  longer  than  the 
side  of  its  horizontal  projection.  These  planes  will  detach 
those  parts  of  the  rhombohedron  which  are  contiguous  to 
the  terminal  edges  of  this  fimn.  The  remainder,  contigu- 
ous to  the  lateral  edges,  is  contained  under  two  equilateral 
triangles  in  the  direction  of  the  axis,  and  under  six  isosce- 
les triangles,  being  halves  of  the  fiuses  of  the  ihombohedrons. 
Tlie  equal  sides  of  these  triangles  are  the  lateral  edges  of 
that  form.  This  solid  is  the  Cmtral  PaH  of  the  rhombo- 
hedron. 

In  the  central  part  of  a  more  acute  ihombohedron,  the 
allies  at  the  bases  of  the  isosceles  triangles  are  greater,  but 
the  angles  at  the  vertex  are  less ;  and  the  horizontal  projec- 
tion always  being  constant,  the  sum  of  the  first  approach^  to 
two  right  ones,  the  latter  to  nothing,  the  more  the  axis 
of  the  rhombohedron  is  elongated.  The  equal  sides  in  this 
case  approach  nearer  and  nearer  to  the  parallelism  with 
each  other  and  with  the  axis,  and  to  the  equality  with 
one-third  of  it,  which  is  contained  in  the  centred  part  of  the 
rhombohedron. 

The  limits  to  which  these  approximations  lead,  cannot 
be  obtained,  while  the  axis  remains  a  finite  quantity.  But 
when  the  axis  becomes  infinitely  long,  these  linuts  are  ob- 
tained ;  the  triangles  are  transformed  into  imlimited  paral- 
lelograms, and  contain  a  regular  nx-mded  prism,  which  is 
still  imlimitoil  in  the  direction  of  its  axis. 

As  to  the  transverse  section  of  the  prism,  we  may  ima- 
gine, trb«>*  in  the  proportion  in  which  the  axis  of  the  rhom- 
bohedron increases,  its  &ces  turn  round  certain  immoveable 
lines.  These  lines  are  the  sides  of  the  transverse  section  of 
the  rhombohedron ;  and  therefore  they  are  likewise  the 
sides  of  the  transverse  section  of  the  prism. 

Let  HORZ,  Fig.  4^  be  part  of  the  horizontal  projec- 
tion, and  the  vertical  lines  CD,  EB^&c.  through  the  points 
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H,  O,  R,  Z,  Ihe  edges  of  that  regular  sn^ided  prism,  in 
whose  planes  are  situated  the  lateral  edges  CB,  CB'  of  two 
rhombohedrons.  These  lateral  edges,  intersectuig  each 
other  at  the  paints  M,  N,  turn  as  it  were  round  these,  and 
consequent)/  the  fiu^s  of  the  rhombohedxon  turn  round  tha 
line  MN,  in  a  ratio,  dependent  upon  the  length  of  the  axis. 
If  the  axis  becomes  infinitely  long,  the  lateral  edges  of  the 
rhombohedron  assume  the  situation  C^B'' ;  the  rhombohe- 
dron  is  transformed  into  a  regular  six-sided  prism,  upon  the 
fiioes  of  which  are  drawn  the  horizontal  lines  MN,  ML, 
Ac. ;  and  these  lines,  the  sides  of  the  transverse  section  of 
the  rhombohedron,  are  therefore  likewise  the  sides  of  the 
transverse  section  of  the  prism,  whose  position  is  thus  de- 
termined in  respect  to  the  rhombohedrons  of  the  series,  and 
to  their  horizontal  projection. 

As  to  the  opposite  limit,  it  is  evident,  that  if  the  axis 
becomes  infinitely  snuU,  all  the  faces  of  the  rhombohedron 
coincide  in  a  single  plane,  and  that  this  form  b  therefore 
changed  into  a  regular  hexagon,  equal  and  similar  to  the 
horizontal  projection  of  the  fiindamental  form. 

The  crjstallographic  signs  of  the  limits  are  B,  -I-  o»  and 
B «—  OD^  those  of  the  series  between  its  limits, 
B  —  o»  ...  R  +  n  ..»  B  +  09. 

Maaj  examples  are  found  in  nature,  illustrative  of  this 
aeries.  Thus,  rhombohedral  Lime-haloide  presents  five 
consecutive  members,  and  both  the  limits ;  in  rhombohe- 
dral Tourmaline  and  rhombohedral  Buby-blende,  four  con- 
secutive members  and  both  limits  have  been  observed; 
two  or  three  consecutive  members  occur  in  many  species ; 
and  in  most  of  those,  affecting  forms  which  are  in  connexion 
with  the  rhombohedron,  we  likewise  frequently  meet  with 
the  limits  on  either  side  of  the  series. 

§.  113.   DEaiVATION  OF  SCALENE  SIX-SIDED  PYRA- 
MIDS. 

.    From  the  members  of  the  series  in  the  preced- 
ing paragri^h,  several  scalene  six-sided  pyramids 
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may  be  derived^  the  lateral  edges  of  which  agree 
in  their  situation  with  the  lateral  edges  of  the  rhom- 
bohedron. 

We  employ  here  the  second  method  (§.  81.),  without  any 
fiurther  preparation.  Produce  the  axid  of  the  rhombohe- 
dron  on  both  sides,  to  ao  indefinite  but  equal  length  ;  or, 
what  is  the  same  thing,  multiply  the  aids  of  the  rhom- 
bohedron  by  the  number  of  derivation  m,  which  must  be 
rational,  positive,  and  greater  than  1 ;  draw  from  the  aitgies 
of  the  rhombohedron,  straight  lines  towards  the  tenUinal 
points  of  the  axis  produced,  and  lay  planes  on  every  ad- 
jacent pair  of  these  lines.  The  result  will  be  a  scalene  six- 
sided  pyramid,  whose  lateral  edges  coindde  with  those  of 
the  rhombohedron. 

Every  determined  prolongation  of  the  axis  of  the  rhom- 
bohedron, or  every  determined  m,  determines  a  scalene 
six-sided  pyramid.  A  rhombohedron,  and  all  the  scalend 
six-sided  pyramids  derived  finom  it,  which  therefore  agree 
in  the  situation  of  their  lateral  edges,  and  also  the  pyramids 
among  each  other,  are  said  to  be  forms  belonging'  together  or 
ea^or^nate. 

The  position  in  which  the  scalene  six-sided  pyramid  is 
placed  by  the  derivation  towards  the  rhombohedron,  is 
termed  the  paraOel  position.  The  pyramid  is  in  a  transverse 
position  towards  rhombohedrons,  which  immediately  pre- 
cede or  follow  that  from  which  it  is  derived,  because  the 
rhombohedroxis  themselves  are  in  a  transverse  position  to- 
wards each  other.  In  general  the  pyramids  partake  of  the 
position  of  the  rhombohedron  from  which  they  are  derived, 
and  pyramida  belonging  together  are  in  a  parallel  position. 

In  general,  two  scalene  six>«ded  pyramids,  or  one  pyra. 
mid  and  a  rhombohedron,  are  said  to  be  in  a  parallel  position, 
when  a  plane  through  the  obtuse  terminal  edge  and  the 
axis  of  the  pyramid,  intersects  the  &ce  of  the  rhombohe- 
dron in  its  inclined  diagonal,  or  in  the  other  pyramid  like- 
wise passes  through  its  obtuse  terminal  edge,  and  in  both 
^rms  at  the  same  time  also  through  the  axis.    The  same 
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fiurmfl  «tt  In  a  (traaivene  pontion  when  Uub  plaoe  pniwoB 
throu^  the  terminal  edge  of  the  rhombohedron,  or  thiouf^ 
the  acute  terminal  edge  of  the  other  pyramid. 

The  crystallographic  sign  of  a  scalene  ox-sided  pyramid 
derived  from  P  +  n  according  to  m  is  (P  +  n)» ;  its  axis 
is  SB  2".  m.a;  where  2".  a  is  the  axis  of  B  +  n,  and  a. the 
axis  of  R. 

* 

The  value  of  m  is  frequently  found  in  nature  to  be  sv  3| 
SB  3,  or  b:  5,  all  of  which  occur  in  rhombohedral  lime-ha- 
loide.  (P  +  n)*  is  also  found  in  rhombohedral  Tourma- 
line, in  zhombohedral  Ruby-blende,  (P  +  n)*  in  zhombo- 
hedral  Iron-ore.  Besides  these,  we  have  m  as  7  in  rhom- 
bohedral lime-haloide,  m  a  f  in  rhombohedral  Fluor- 
haloide,  rhombohedral  Quartz,  rhombohedral  Tourmajine, 
m  SB  i  in  the  two  fbrst  of  these  species,  m  ss  V  and  »  | 
in  rhombohedral  Quartz. 

§.  113.   THB  TBAVSVEB8E   SECTIONS  OF   THE  SCA- 
LENE SIX-SIDED  PYRAMIDS  DEPEND  ON  m. 

For  one  and  the  same  m,  the  transverse  sections 
of  all  forms  contained  under  the  sign  of  (P  -f-  n)^ 
are  similar  to  each  other. 

Let  ABXC,  Fig.  47.,  represent  the  principal  lotion  of 
the  rhombohedron  from  which  the  scalene  six-nded  pyra- 
mid has  been  derived ;  AS,  X]£  the  prolongations  of  the 
axis,  and  consequently  SB,  ^C  the  obtuse  terminal  edges, 
SC,  %B  the  acute  terminal  edges  of  this  pyramid,  and 
23%C  its  principal  section. 

Draw  from  M,  the  centre  of  the  axis,  in  the  plane  of  the 
transverse  section,  the  line  MG  parallel  to  QB.  This  line 
will  be  intersected  in  F  by  the  obtuse  terminal  edge  fCB  ; 
and  F  will  therefore  be  that  point  in  the  transverse  sec- 
tion, or  MF  that  line  situated  in  its  plane,  upon  which  de- 
pends the  magnitude  of  the  angle  of  the  transverse  section 
at  the  place  of  the  obtuse  terminal  edge  of  the  pyramid. 
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Bnw  now  the  line  BO,  panUd  to  the  axis;  we  hsre 
M6  «QB»l;andF6al  —  MF. 
In  the  nmilar  triangles  FBG  and  FSLM,  we  have 
GB  :  GF  »  Ma  :  MF, 

—  :  1  —  MF  «  "?1?  :  MF, 
6  2 

and  consequently 

Sm 


MF 


Sm+  1 
firom  which  it  appears  that  the  angles  of  the  transyerse 

section  are  dependent  solelj  upon  m,  and  that  consequent- 
ly they  are  the  same  in  all  pyramids  derived  according  to 
Hie  same  m,  whatever  may  be  the  fiindamental  rhombdhe- 
dron. 

If  the  section  does  not  intersect  the  lateral  ed^  of  the 
pyramid,  its  figure  is  an  unequiangular,  but  equilateral 
hexagon.  The  angle  at  the  obtuse  edge  is  as  above ;  but 
the  angle  at  the  acute  edge  is  likewise  dependent  upon  m. 
For  let  CPF^  be  in  the  plane  of  the  section ;  the  liaes  CP 
and  PF'  will  determine  its  figure.    But  CP  is  «i  1 ;  and 

PF  »  ^""tJ,  as  it  foUows  firom  the  similarity  of  the 
Sm  +  1 

triangles  QJBLB  and  PflF.    Now 

CP  :  PF  a.  3  m  +  1  :  3  m  ^  1, 
a  ratio  solely  dependent  upon  m.    Hence  all  scalene  six- 
sided  pyramids,  derived  according  to  the  same  m,  have 
their  sections  through  the  terminal  edges  umilar  to  eadi 
other. 

§.  114.  BS&IEB  OF  8CAI.EKS  SIX-SIDSD  PYBAMIB8. 

From  every  member  of  the  series  §.  110.,  several 
scalene  nx-sided  pyramids  may  be  derived.  The 
axes  of  those  which  are  derived  according  to  one 
and  the  same  m,  and  consequently  the  pyramids 
theBiselveSy  produce  a  series  which  proceeds  agree- 
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ably  to  the  law  of  the  series  of  rhombohedrons 
(§•  110.). 

The  axes  of  tlie  membera  of  this  aeries  may  be  consider- 
ed as  products  of  the  axes  of  R  +  n  bj  m,  that  is  to  aaj, 
as  being  equal  to  2".  m.  a ;  and  siqce  m  and  a  are  common 
factors  to  them  all,  the  axes  are  to  each  other  in  the  ratio 
of2«(§.  110.). 

If  these  values,  namely  2".  a  instead  of  a,  are  substitut- 
ed in  the  expressions  §.  fi5.,  the  cosines  of  the  edges  are 
obtidned  fbr  any  particular  member  of  the  series. 

§•  115.    LIMITS    OF    THE    SE&IES   OF  SCALENE  SIX- 
SIDED  PT&AMIDS. 

The  limits  of  the  scries  of  scalene  six-sided  pyra- 
mids are,  on  the  one  side  unequiangular  twelve-sided 
prisms  of  infinite  axes,  whose  transverse  sections 
are  determined  bj  m,  and  on  the  other  side  plane 
figures  equal  and  similar  to  the  horizontal  projec- 
tion. 

The  axis  of  a  scalene  six-sided  pyramid,  which  belongs 
to  a  rhombohedron,  whose  axis  is  in  a  finite  ratio  to  the 
side  of  its  horizontal  projection,  can  never  become  infinite, 
unless  m  itself  should  be  infinite,  a  supposition,  however, 
which  is  excludetl  from  the  relations  to  be  taken  here  into 
consideration,  in  as  much  as  such  an  m  would  give  no 
series,  or  rather  a  series,  all  the  members  of  which  are 
equal  to  each  other.  Therefore  the  limits  of  the  series  of 
these  pyramids  must  arise  firom  rhombohedrons,  whose 
axes  are  themselves  infinite,  or  from  the  regular  six-aided 
prism  (§.  HI.). 

Lay  planes  of  intersection  throu^^  the  terminal  points 
of  the  lateral  edges  of  a  scalene  six-sided  pyramid  derived 
from  a  rhombohedron,  whose  axis  is  longer  than  the  side  of 
its  horizontal  projection ;  and  thus  detach  the  apices  of 
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the  pyramids,  so  that  only  the  central  part  analogous  to 
that  in  §.  111.  remains,  to  which  the  lateral  edges  are  ad« 
jacent. 

This  part  contains  one-third  of  the  axis  of  the  ihom* 
bohedron,  from  whidi  the  pyramid  is  deriYed.  It  is  Kmit* 
ed  perpendicularly  to  the  axis  by  equilateral  hexagons, 
whose  alternating  angles  are  equal  (g.  J 13.),  and  from  the 
Mdes  by  twelve  scalene  triangles,  whose  bases  are  the  sides 
of  those  hexagons,  the  longer  sides  being  the  entire  lateral 
ei^es,  and  the  shorter  sides  parts  of  the  obtuse  tenninal 
edges  of  the  scalene  six-sided  pyramid. 

The  central  part  of  a  pyramid  derived  according  to  the 
same  m  from  a  more  acute  xhombohedron,  although  con- 
tained  under  faces  of  the  same  kind,  will  yet  differ  firom 
the  preceding  by  the  sum  of  the  angles  at  the  base  of  the 
trian^^  being  greater,  the  angle  at  the  vertex  smaller, 
and  the  sides  approaching  nearer  to  parallelism  and  equa- 
lity with  each  other,  and  to  one-third  of  the  axis  of  the 
rfaombohedron. 

The  limits  to  which  the  pyramids  approach,  when  thus 
derived  according  to  the  same  m,  &om  more  and  moreacnte 
rhombohedrons,  are  :  the  sum  of  the  angles  at  the  base  of 
the  triangles  must  be  a  180%  the  angle  at  the  vertex  ^  0 ; 
and  the  sides  equal  and  parallel  among  themselves,  and 
to  one-third  of  the  axis  of  the  rhombohedron.     These  li- 
mits are  obtained  when  the  central  part  of  the  pyramid, 
containing  one^third   of  the  axis  of  the  riiomlxdiedron, 
from  which  the  pyramid  is  derived,  and  therefore  the  axis 
of  the  rhombohedron  itself  becomes  infinite,  or  when  the 
rhombohedron  is  changed  into  the  regular  six-aided  prism. 
If  therefore  (P  -f  n)"  is  changed  into  a  prism,  the  expres- 
non  of  its  axis  8".  m.  a,  will  be  changed  into  2*.  m.  a,  because 
n  and  not  m  is  sa  oo. 

Wiiilft  the  scalene  triangles,  the  lateral  fiees  of  the  cm* 
tral  part,  by  the  continual  increase  of  the  axis,  are  chang. 
ed  into  unlimited  parallelograms,  the  central  part  itsdf 
is  changed  into  a  twelve-sided  prism,  unlimited  in  the  diiec- 
tion  of  the  axis.    Through  all  those  changes,  howevsvr  v 
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renMM  malfiefed ;  and  ainoe  the  angM*  o£  the  tnnsvene 
•eetioB  ara  soldy  dependent  upon  m,  the  unequiangular 
twelve-sided  prism  will  have  the  same  transverse  section  as 
anj  other  member  of  that  series,  whose  limit  it  roprcscnts. 

As  to  the  opponte  limit,  it  is  evident,  that  if  the  height 
of  the  central  part,  »  ^  of  the  axis  of  the  rhcmibohedron, 
disappears,  the  axis  of  this  riiombohedron  itself  must  also 
be  H  0 ;  and  consequentlj  that  the  rhombohedron  must  be 
a  plane  figure,  equal  and  similar  to  the  horiJMntal  prqjcc- 
tion.  Now  the  axis  of  the  pyramid  sought  is  m.  0  «  0 ; 
and  the  pjramid  therefore  likewise  a  plane  figure,  equal 
and  similar  to  the  horizontal  projection. 

The  designation  of  the  series  between  its  limits  is 
R  —  00  ...  (P  +  n>»  ...  (P  +  «)«. 

If  an  unequiangular  twelve-aided  prism,  firam  its  ori^pnal 
position,  is  transferred  into  another  different  firom  it  for 
60*^  or  180%  its  &ees  and  edges  resume  exactly  the  situa- 
tion they  had  before.  Hence  there  is  only  one  position 
existing  for  these  forms :  in  which  property  it  agrees  with 
the  regular  six^eided  prisms,  the  limit  of  the  series  of  rhom- 
behedrons,  firom  which  it  derives  its  origui.* 

If  in  the  algebraic  expressions  mentioned  in  the  kst 
paragraph,  n  is  made  »  co  ;  the  angles  are  obtained  for  the 
traasvefse  section  of  the  unequiangular  twelve-sided  prism, 
baing  the  limit  of  the  respective  series  of  the  scalene  six- 
aUM  pyramid.    Thus  we  find 


(Sm«  -f  6m— 1\ 
«(3m«  +  l)     )* 

/8m«  — 1\ 
COS.  z  H  ...     I 1. 

V3m«  +  1/ 


*  Another  r^ular  six-sided  prism,  which  in  every  respect, 
but  the  position,  agrees  with  tne  former,  will  be  considered 
in  ^  1 1&  This  fi»ni,  however,  is  in  no  immediate  connexion 
wiui  the  scalene  six-sided  pyxamids ;  and  consequently  no 
unequiangular  twelve-sided  prism  can  be  considered  in,  or 
refifiied  to,  a  positioB  analogous  to  that  regular  six.«ide4 
one,  althmwh  the  angles  of  their  tnuMTeiae  seetions  abculd 
Mem  to  indimte  a  simlhu-  position. 
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Tbevailues  of  the  coones,  and  ibe  ang^  of  the  txans* 
verse  aectioiis  of  the  limits,  rektive  to  the  ibove-meiitioBed 
aefies  oocuning  in  natuie,  ve  the  fidlowingt 
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—  II I -«  IJ I  ISS'  10'  25"     166«  4^  3ft" 

(P  +  oo)» 
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Few  of  these  prisms  have  as  jet  been  obserred  in  mu 

ture.  Those  which  hare  been  observed  are  (P  +  co}'  and 
(P  -f  Q»)«  in  ihbmboliedral  Fluor-haloide,  (P  -f  «)*  in 
rhombohedral  lime-haloide  and  in  rhombohedral  Tour- 
maline, (P  +  e»)^  in  ihombebedxal  Quartz,  (P  +  <o)^]n 
rhombohedral  Corundum.  The  angles  of  other  prisms  have 
not  been  exactly  ascertained. 

The  angles  of  the  flzat  and  sixth  of  the  preceding  prisms, 
those  of  the  second  and  fifth,  and  those  of  the  tturd  and 
fourth,  are  inversely  equal  to  each  other.  In  general, 
Che  number  of  derivation  which  produces  the  one,  may  be 
found  from  that  which  produces  the  other,  by  the  fbrmuks 

3  m'  +  I 


m 


3  (m'  —  1) 


§•  116.    SUBOADINAT£  SERIES. 

To  the  series  of  rhombohedrons,  §.  1 10.,  belong 
aereral  subordinate  series,  in  reference  to  which 
the  former  is  termed  the  principal  series. 
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For  the  derivation  of  these  suhordinate  series,  the  first 
process  is  applied  to  the  scalene  MX-sided  pyxBinids. 

Let  ABXC,  Fig.  47.,  represent  the  principal  section  of  a 
rhombohedron,  ZBfC  that  of  a  scalene  six-sided  pjiamid 
derived  from  it  according  to  a  certain  m. 

If  tangent  pbines  are  hud  on  the  terminal  edges  SB,  &c 
of  this  pyramid ;  these  edges  become  the  inclined  diagonal 
of  the  resulting  rhombohedron.  Suppose  its  axis  «  a' ;  that 
part  of  it  which  corresponds  to  the  inclined  dii^jonal  aB 

win  be 

aQ  -  |.  a' =  Ma  +  MQ»iJ?Lti.  a. 

and 

,     .  3m+  1  3m  +  1  . 

6  4 

the  ride  of  the  horizonUl  projection  BQ  being  »  I. 

If  on  the  other  side  tangent  planes  be  laid  on  the  acute 
terminal  edges  aC,  &c ;  these  terminal  edges  again  will 
become  the  inclined  diagonals  of  the  derived  liiombohe- 
dron.  The  axis  of  this  rhombohedron  being  »  a" ;  that 
part  of  it  which  corresponds  to  the  indmed  diagonal  ZC 

aP  -  |.  a'^ «  Ma  —  MP  «  -?^~-  • 

o 

and 

„      3  m  — 1  ^ 

4 

for  the  same  horizontal  projection. 

Hence  ?JL±JLand  Ijlzzl  are  the  co-emdents,  with 
4  4 

which  a,  the  axis  of  R,  or  2".  a,  the  am  of  B  +  n  must  be 
multipUed  for  obtaining  members  of  the  subordinate  series. 
When  these  co-efflcients  become  powers  of  the  number  2, 
the  rhombohedron  produced  is  a  member  of  the  principal 
aeries ;  when  they  are  not  powers  of  the  nuniber  2,  mem- 
bers  are  produced  belonging  to  a  subordinate  series,  whidi 
is  determined  by  m. 

Designate  the  subordinate  series  by  — - —  B   +    n. 

The  qUanUty  ^"tl  2".  a  substituted  for  2".  a  in  the 
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above  mcfationed  algebnk  espveMions,  gives  tlie  ooaines  of 
the  edges  for  the  members  of  tbesabordtiiate  senes. 

The  positioD  of  the  members  of  the  subordinate  series 
towards  each  other,  and  towards  those  of  the  principal  se- 
ries, follows  firom  their  derivation.  The  limits  are  eom^ 
mon  to  the  principal,  and  to  all  subordinate  series. 

§.  117.    DERIVATION  OF  THE  ISOSCELES   SIX-SIDED 

PTBAM1D8. 

From  every  rhombohedron  an  isosceles  six-sided 
pjramid  may  be  derived,  whose  axis  is  to  the  axis 
of  the  rhombohedron  in  the  raUo  of  2  :  3,'  the  ho- 
rizontal projections  of  the  two  forms  being  sup- 
posed equal. 

The  third  method  of  derivation  (§.  82.)  is  applicable  to 
the  present  case. 

Let  ABXC^  Fig.  4a,  represent  the  principal  section  of 
the  given  rhombohedron,  and  suppose  a  horizontal  plane 
to  pass  through  M,  the  centre  of  its  axis.  In  this  plane 
is  situated  the  base  of  the  six-sided  pTramid,  which  is  to 
be  derived. 

The  terminal  edge  AC  of  the  rhombohedron,  bdng 
produced  to  Z^  will  be  changed  in-  AZ  the  termmal 
edge  of  the  pyramid.  In  the  same  way  XB  is  changed 
into  XH,  so  that,  if  we  draw  AH  and  XZ,  AZXH  will 
be  the  principal  section  of  the  derived  isosceles  six-sided 
pyramid,  its  axis  being  equal  to  that  of  the  rhombohedron, 
the  side  of  its  horizontal  prqjection  MZ  s  MH. 

Draw  the  lines  BG  and  CG^  perpendicularly  to  HZ ; 
M6'  will  be  »  MG  =  PC,  equal  to  the  ude  of  the  hori. 
Kontal  projection  of  the  given  rhombohedron ;  and  if  now 
the  lines  GA',  G'A',  GX',  GOC',  be  drawn  parallel  to  the 
sides  of  the  principal  section  of  the  pyramid,  AOC^  will  re- 
present the  axis  of  this  form  for  the  side  of  its  horizontal 
prqjection  MG'  s  PC,  that  is  to  say,  equal  to  the  horizoiii- 
tal  projection  of  the  given  rhombohedron* 


.  I 
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The  tire  trioiglBB  APC,  hfUO^  ere  equel  end  simikr  to 
eecfaothor.    TlwRtoe  A'M  »■  AP  i  wUeh  if  the  ezis  of 
•  thepyiemiibecelfeda',  mejbeexpieesedthiis: 

^  a'  -  i.  e, 
end  coneeqiMntly 

a' »  f  8. 
The  aboTe-meniioned  ooiutant  co-efficient  (g.  64.  4.)  ac> 
eor^ngly  ia  «  }• 

§.  118.   8EBIB8  OF  ISOSCELES  SIX-SIDED  PTBAMID8. 

There  is  a  series  of  isosceles  six-aded  pyramids 
in  connexion  with  the  principal  series  of  rhombo- 
bedrons,  with  which  it  proceeds  after  the  same  law^ 
and  is  limited  by  infinite  ax-sided  prisms. 

The  axes  of  the  memben  produciag  this  aeries,  ave  equal 
to  the  axes  of  the  rhombohedrons,  multiplied  by  },  the  ho- 
rizontal projections  being  always  supposed  equal ;  so  that, 
if  P  -f  n  denotes  an  undetermined  n*^  member  of  the  se- 
ries, its  axis  will  be  a*  }  2°.  a.  In  the  expression  for  the 
axis  of  any  member,  the  common  &ctor  ].  a  is  contained  { 
and  by  dividing  with  it,  we  find  that  the  axes  of  the  series 
increase  and  decrease  like  the  powers  of  the  number  8 ; 
and  9p  cooseqiiently  e^rasses  also  in  this  series  the  law  of 
progression. 

The  limits  (^  this  series  are  isosceles  six-sided  pyramids 
belonging  to  rhombohedrons,  whose  axes  are  on  one  side 
infinitely  long,  on  the  other  infinitely  short.  It  is  evident 
that  an  isosceles  six-sided  pyramid  of  an  infinitely  long  axis 
can  be  nothing  ehtt  but  a  regular  six-sided  prism,  whose 
transverse  section  is  equal  and  aimiUor  to  the  horixontal 
prqjeetion  of  the  pyramid ;  and  that  an  isosceles  six-aided 
pyramid  of  an  infinitely  short  axis  can  be  nothing  dse  but 
a  phme  figure  perpendicular  to  the  axis,  and  equal  and  si- 
milar to  the  same  hwisontal  prqjection. 

The  r^^ar  six-sided  prism,  ti^ch  limits  the  series  of 
isosceles  six-sided  pyramids,  can  be  distingmshed  by  its 
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pontaan  fiponi  tbe  other  regular  dx-aided  pnan,  wUdi  li- 
mits the  series  of  ifaombohedroiis.  The  feces  of  the  tvo 
prisms  differ  in  th^  ntuation  for  SO"*  and  150* :  and  the 
]»isms  thexefbre  themsdlTes  are  two  di£fi»ent  wdl  defined 
fomia,  which  must  not  be  ooofeunded  wkh  each  other. . 

li^  in  the  algebndc  expressions  in  $.  64.,  m  is  made  »  }, 
and  S'a.«' is  substituted  for  a';  the  esprssaioBs  produced 
refer  to  tbe  oosines  of  the  edges  fer  P  +  n.    They  a» « 

coe.x 


The  series  of  isosceke  six^ded  pyramids  between  its 
liasits,  reoelves  tiiie  feUowing  deagnaUon : 
R ..  od  ...  P  +  n  ...  P  4-  «o. 

Serend  members  of  this  series,  together  with  its  Ihtaits, 
occur  in  riiombohedral  Fhier-haloide,  rhombehedral  Quartz, 
ihombohedral  Corundum,  &c.  There  exist  also  series 
appertainii^  to  rfaombohedroBs  of  certain  subordinate  se- 
ries, and  which,  on  that  account,  receive  a  co-efficient  in 
their  representative  sign,  like  the  ihombohedrons  from 
which  thej  are  derived.  Examples  of  the  series  |  P  +  n, 
I  P  +  B,  and  }  P  +  n,  have  been  feund  in  rhombohedral 
CoruBdum ;  of  the  two  first  also  in  rhombohedral  Quartz, 
of  the  first  in  rhombohedral  Iron-on,  ftc. 


4.  DE&IVATI0K8  rXOM  THE  HEXAHEDROV. 

§.  119.   DIFFERSKT  POSITIONS  OF  A  MOVEABLE 

FLAKE. 

A  {dane,  moveable  round  the  terminal  point  of 
a  rhombohedral  axis  of  the  hexahedron^  is  liable 
to  assume  ^fimr  different  classes  of  positions.  One 
of  these  is  exactly  determined,  and  admits  of  only 
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one  case ;  the  others  allow  of  a  farther  distinctioii  in 

troo  cases. 

I^t  ACBCB'^eiyX,  Fig.  Sa,  xvpvMent  a  hexdiednm, 
which  is  brought  into  an  upright  position  bj  supponng  one 
of  its  rhombohedral  axes  AX  verticaL  AC,  AC',  Ax.  are 
therefore  the  terminal  edges,  AB,  &c  the  inclined  diagonals 
of  this  hexahedron,  if  considered  as  a  ihombohedron  of  90**. 

Direct  now  the  phmes  MNOCy,  PQBll'  and  TUVY' 
timnigh  the  axis  AX,  so  as  to  make  them  pass  through 
the  inclined  diagonals  AB,  AB',  and  through  the  terminal 
edges  AC^,  AC  which  are  opposite  to  these  edges.  The 
phmes  will  intersect  each  other  at  angles  oiW*  and  120^ 

The  part  MNSS'  of  the  plane  MNOCV  turned  towards 
the  observer,  may  be  termed  the  Section  of  the  Faee^  the 
part  PQSS  of  the  .phme  POBit',  similarly  atuated,  the 
Sectkm  of  the  Edge^  in  so  far  as  they  relSer  to  the  upper  apex 
A ;  because  the  former  passes  through  the  inclined  disgonal 
AB,  and  bisects  the  fiice,  while  the  latter  passes  through 
the  terminal  edge  AC  of  the  hexahedron,  and  bisects  the 
angle  at  which  the  fiices  meet. 

The  sections  of  the  ftce  divide  every  &oe  of  the  hexa- 
hedron into  two  equal  and  similar  triangles,  as  ABC, 
ABC,  &c.  and  thus  the  solid  angle  A  may  be  conceived  to 
consist  of  six  laces,  which,  for  the  sake  of  derivation,  are 
considered  moveable,  and  their  situation  is  ascertained  in 
respect  to  both  the  sections,  to  that  of  the  fiice,  and  that 
of  the  edge.  Whatever  results  are  found  for  one  of  these 
faces,  likewise  applies  to  the  other,  because  the  hexahe« 
dron  is  a  solid  of  several  axes,  and  it  will  therefore  be  suf- 
ficient to  consider  the  situation  of  one  of  these  six  fiices, 
because  the  rest  must  assume  an  analogous  position.  This 
refers  evidently  not  only  to  those  contiguous  to  A,  but 
also  to  those  belonging  to  the  other  solid  angles  B,  C,  Ac. 
of  the  hexahedron. 

The  moveable  plane  may  assume  the  following  situations : 

1.  Perpendicular  to  loth  tcctions. 

Upon  this  supposition,  ABC  will  be  perpendicular  to 
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the  interaectioa  of  MNSS'  and  PQSS%  wtiich  is  the  line 
SS',  or  Uie  rhombohedral  axis  of  the  hexahedron.  Ail  the 
flx  pi&nes  contiguous  to  that  point,  will  necesnrily  coin- 
ode  in  that  plane. 

2.  Perpendicuhr  to  the  tec^km  of  the  edge;  hut  tmdUied  to 
the  seetioH  of  thefiux* 

Here  everj  two  iaoes  situated  like  ABC  and  AB'C,  &c« 
coincide  in  a  single  plane,  which,  though  alwajs  perpendi* 
eular  upon  PQSS',  jret  may  be  different!/  inclined  to  AX. 

3.  Perpendicular  to  the  sectian  of  theface^  indUted  to  the  sediom 
oftheedge. 

In  this  cose  again,  pain  of  &ces  like  ABC  and  ABCcoin- 
cide  in  a  nngle  plane  perpendicular  to  MNSS',  inclined  to 
AX. 

4.  Perpendicukur  to  none  o^  the  tec^otu. 

No  two  planes  contiguous  to  the  same  solid  angle  of  the 
hexahedron  coincide,  but  every  two  meeting  in  the  same 
section,  as  ABC  and  AB'C  in  PQSS',  or  ABC  and  ABC 
in  MNSS',  are  inclined  to  that  section  at  the  same  angle. 

In  the  first  of  the  above  mentioned  cases,  the  situation 
of  the  moveable  plane  is  perfectly  determined. 

In  the  second  case,  the  plane  must  either 

a)  touch  AC,  die  edge  of  the  hexahedron,  or 

b)  the  line  of  its  intersection  with  PQSS^  must  indude 
an  angle  with  AX,  which  is  greater  then  CAX.* 

Suj^ostng  the  first  to  take  place,  two  faces  of  the  solid 
angle  C,  coincide  in  one  single  plane,  with  two  fiu:es  of 
the  solid  angle  A,  for  instance  CCA  with  ABC,  and 
CC^A  with  AB'C  This  does  not  take  place  upon  the 
latter  supposition. 
In  the  third  case,  the  moveable  plane  may  either 

a)  pass  through  the  disgonal  AB,  and  consequently  eoia- 
cide  with  the  fiice  of  the  hexahedron  itself  or 


*  Should  this  angle  be  less  than  CAX,  it  would  be  neces- 
sary to  refer  the  vmole  derivation,  from  the  solid  angle  A, 
to  the  solid  angle  C,  where  the  cose,  is  confined  within  the 
one  above  mentioned. 
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b)  its  intenection  with  MNSS'  maj  include  an  angle 
with  AX,  greater  than  BAX. 

In  the  first  case,  two  pUnes  of  the  adid  angle  B  coincide 
with  two  planes  of  the  solid  angle  A,  as  for  instance  BAG 
with  ABC,  and  BAC  with  ABC,  and  oonsequenUy  two 
from  C  likewise  with  two  from  C,  being  altogedier  ei^t 
planes  coinciding  in  a  ain^  one,  which  is  not  die  case  in 
the  second. 

The  differences  which  maj  occur  in  the  fourth  case  are 
tiie  following : 

a)  the  intersection  of  every  two  faces,  as  ABC  and  AB'C, 
with  the  plane  PQSS',  may  coincide  with  the  edge  of  the 
hexahedron,  or 

b)  it  includes  an  angle  with  AX  greater  than  CAX* 
Suppose  the  fonner  to  take  pkioe ;  two  frees  from  the 

solid  angle  A  inll  coincide  with  two  frees  from  the  solid 
angle  C,  viz:  ABC  with  CCA,  and  ACS'  with  CCA; 
which  is  not  the  case  upon  the  latter  supposition. 

The  different  situations,  which  a  plane  moveable  round 
the  point  A  may  assume,  are  th^efore  the  foUowii^ : 
I.  Perpendicular  to  both  the  sections ; 
8.  Perpendicular  to  the  section  of  tite  edge,  touching  the 

edge  of  the  hexahedron ; 
8.  Perpendicular  to  the  section  of  the  edge,  intersecting 

the  edge  of  the  hexahedron ; 
4;  Perpendicular  to  the  section  of  the  fiice,  in  the  hce  of 

the  hexahedron ; 

5.  Perpendicular  to  the  section  of  the  free,  not  in  the  free 

of  the  hexahedron ; 

6.  Inclined  to  both  the  sections,  touching  the  edge  of  the 

hexahedron; 
7*  Indined  to  both  the  aections,  intersecting  the  edge  of 
the  hexahedron. 

§.  120.    PRODUCTION  OF  THE  FORMS  OF  SETRRAL 

AXES. 

Whatever  situation  of  those  mentioned  in  the 
preceding  paragraph  the  moveable  plane  may  as- 
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same,  it  corresponds  to  the  face  of  a  form  of  seve- 
ral axes. 

We  obtain  or  derive  the  forms  of  eevenl  axes  from  the 
hexahedron,  by  considering  the  space  limited  by  all  those 
ftoes  which  are  homologous  to  the  one  whose  situation  has 
been  ascertained. 

Hence  there  will  exist  as  many  different  kinds  of  Arms 
of  aevenl  axes,  as  there  are  possible  situations  of  the 
moveable  plane,  and  no  more ;  and  we  obtain,  therefore, 
the  complete  number  of  these  forms,  whilst  at  the  same  time 
eyeiy  finrm  is  excluded  which  does  not  belong  to  this  as- 
semblage. 

In  the  preceiting  paragraphs  57 — *n^  we  have  met  with 
more  than  seven  forms  of  several  axes.  Those  which  are 
not  immediatdj  produced  according  to  the  present  consi- 
deration, are  nevertheless  contained  in  its  resuks,  the 
mode  of  which  will  be  explained  in  the  paragraphs  128*. 
134. 

§.121.    THE  OCTAHSDSON. 

In  the  first  situation  the  moveable  jdane  is  the 
fK»a£ihe  Octahedron  (§.  50.). 

Of  the  forty-eight  faces  which  are  moveable  round  the 
eight  solid  angles  of  the  hexahedron,  every  six  conti- 
guous to  one  of  these  solid  angles  coincide  in  one  and  the 
same  plane,  perpendicular  to  a  rhombohedral  axis  of  the 
form  (§.  69.  2.> 

§.  122.    THJE  JDODECAHSBBON. 

In  the  second  situation  the  moveable  plane  is 
the  face  of  <A^  Dodecahedron  (§.  63.). 

A  pair  of  &ces  from  every  solid  angle  of  the  hexahedron 
coincides  with  another  pair  of  fiices  contiguous  to  an  a^ia- 

VOL.    I.  I. 
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oent  solid  angle  in  a  plane  which  touches  the  edge  of  the 
hexahedron,  and  joins  these  two  solid  angles.  Hence,  of  the 
fixrty-eight  fiuses,  four  and  four  will  coincide,  and  the  solid 
obtidnedwilihelmiitedhjtwebrefiures*  The  prismatic  axes 
pass  throu^  the  centres  of  the  edges  of  the  hexahedron, 
and  consequently  also  through  the  centres  of  the  &oes  now 
obtained.  Thus  the  fitoes  of  the  derived  form  become 
perpendicular  to  the  prismatic  axes,  and  are  themselveB 
the  fiu:es  of  the  monognunmic  Tetragonal^odecahednHi 
(§.6S.3.> 

§•  1S8.   THB  OCTAHEDRAL  TBIGONAI>I006IT£TEA- 

HEDEON. 

In  the  third  pofiidon  the  moveable  plane  is  the 
fisice  of  an  octahedral    Trigonal4cositeirahedron 

(§•  78.)- 

In  this  case  there  are  no  pahrs  of  ftces  from  one  solid 
an^e,  coinciding  with  pairs  £h>m  another;  but  of  the  six 
fiuses  oontignous  to  one  and  the  same  solid  angle,  two  and 
two  ftces  will  coincide.  Hence  the  number  of  &ces  of  this 
form  b  twentj-lbur.  Each  of  these  ftces  is  intersected  by 
the  two  other  ftces  contiguous  to  the  same,  and  by  one 
contiguous  to  the  a4}aoent  solid  angle ;  with  the  last  of 
these  ftces  it  produces  an  edge  in  the  direction  of  the 
greater  diagonal  of  the  dodecahedron,  or  in  the  direction  of 
the  edge  of  the  octahedron.  Its  ftcft  therefine  assume  the 
figure  of  isosceles  trian^^;  the  rhombohednl  solid  angles 
of  the  finm  consist  of  three  ftces,  and  they  are  monognun* 
mic ;  the  pyramidal  solid  angles  are  formed  by  eight  ftces, 
and  they  are  digrammic ;  the  fimn  itself  is  an  octahedral 
Trigonal-jcositetrahedron  (§.  73. 1.  S.> 

The  difibient  varieties  of  octahedral  trigonal-icositetEa- 
hedrons  may  be  considered  as  forms  intermediate  between 
th^  dodecahedron  and  the  octahedron.  If  the  angle 
measuring  the  inclination  of  the  moveable  plane  to  the  axis 
AX,  Fig.  30.,  becomes  greater  than  CAX,  the  ftce  of  the 
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numognmmic  tetngonal-dodeGaliedroa  is  divided  into  two 
isosceles  triangles,  whose  common  base  is  tlie  longer  diagonal 
of  the  riiomb.  The  triangles  retain  their  isosceles  figure, 
though  the  angles  maj  vaiy,  till  the  moveable  plane  inter* 
sects  the  axis  of  the  fbmi  at  an  angle  of  90".  In  this  case, 
all  the  fioes  contiguous  to  the  same  solid  angle  coincide  in 
a  single  plane,  which  is  the  &ce  of  the  octahedron.  All 
possible  varieties  of  octahedral  Trigonal-jooaitetzahedrons 
are  therefore  contained  between  the  two  forms  just  men- 
tioned, and  the  dimensions  of  their  varieties  depend  upon 
the  magnitude  of  the  above  mentioned  angle. 

§.  IM.  THB  HKXAHEDBOH. 

In  the  fourth  situation,  the  moveable  plane  is 
the  fiice  of  Ihe  Hexahedron  (§.  58.). 

In  this  dtuation  pairs  of  fiu^es  firom  all  the  four  solid 
angles  A,  B,  C,  C  coincide  in  a  plane  perpendicular  to  the 
pyramidal  axis  (§.  58.  3.> 

§.     1S5.    THE   DI6BAMMIC   TSTEA6ONAL-IC08ITE- 

TRABEDBON. 

In  the  fifth  ntuation,  the  moveable  plane  is  the 
face  of  a  &grammic  Tetragonal-icoHictrahedron 

(§.74.). 

The  pain  of  &ces  firom  the  angles  A  and  B,  and  those 
firom  the  angles  C  and  C,  do  not  coincide,  but  they  inter* 
sect  each  other  at  equal  angles  in  a  determined  point  of  the 
lengthened  pyramidal  axis  of  the  hexahedron.  A  solid 
angle  of  three  fitoes  is  produced  at  the  point  A.  The 
edges  which  produce  these  two  lands  of  solid  angles  unite 
with  eadi  other  in  the  prismatic  axes  prolonged,  and  thus 
produce  solid  an^^es,  which  contain  likewise  four  fiuwsi  but 
two  different  kinds  of  edges. 

Each  fiice  is  intersected  by  four  other  fiu:es,  two  of 


^  I 
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which  9ie  contiguous  to  the  flame  solid  angle,  the  other  two 
to  the  adjacent  ones.  The  fiu^s  are  four-sided ;  and  on  ac- 
count of  the  two  kinds  of  edges  which  the  form  contains, 
it  is  a  digrammic  Tetragonal-ioositetrahedron  (§.  74.  2.). 

The  digrammic  Tetragonal-icoutetrBhedrons  may  be  con- 
sidered as  forms  intermediate  between  the  hexahedron  and 
the  octahedron.  For  if  the  angle  measuring  the  inclination 
of  the  moveable  plane  to  the  axis  AX  becomes  greater 
than  BAX,  a  digrammic  Tetragonal-icositetrahedron  will  be 
produced,  and  the  varieties  of  tbis  form  will  succeed  each 
other,  till  the  angle  just  mentioned  becomes  as  90%  whaoi  the 
derived  form  is  changed  into  the  octahedron.  The  dimen- 
sions of  the  different  varieties,  are  dependent  upon  the 
value  of  that  angle. 

§.  1S6.    THE  HEXAHEDEAt  TBI6OVAL-IC0S1TETRA- 

HEDBON. 

In  the  sixth  situation  the  moveable  plane  is  the 
face  of  a  TtexaJudrcd  Trtgonal4cosiUtrahedron 
(§.  71.). 

This  icositetrahedron  is  produced  bj  the  coincidence  of 
two  fiices  contiguous  to  adjacent  solid  angles.  From  every 
edge  of  the  hexahedron  feces  rise  towards  the  prolongation 
of  the  pyramidal  axes,  at  which  they  form  a  solid  angle  of 
four  faces,  intersecting  each  other  at  equal  angles,  while 
the  general  aspect  of  the  hexahedron  is  retained  in  the  de- 
rived form.  The  rhombohedral  solid  angles  are  equiangu- 
lar, but  they  consist  of  two  kinds  of  edges. 

Each  of  the  ftces  of  this  form  is  intersected  by  three 
other  faces,  of  which  one  is  contiguous  to  the  same,  and  one 
to  an  adjacent  solid  angle  of  the  hexahedron,  the  third  face 
being  common  to  both  these  solid  angles.  The  foces  of 
this  form  are  consequently  triangular,  and  intersect  each 
cither  at  equal  angles  in  its  pyramidal  solid  angles.  The 
form,  therefore,  will  be  a  hexahedral  Trigonal-icositetrahe- 
dron. 
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The  hexahednl  Trigonal-icositetrahedroiM  are  fofrms  in- 
tennediate  between  the  hexahedron  and  the  dodecahe- 
dron. The  moveable  plane  paaaoa  through  the  edge  of  the 
hexahedron ;  the  limits  to  which  its  inclination  approaches 
^11  therefore  be  on  one  side  a  plane  perpendicular  to  the 
aection  of  the  edge,  on  the  other  a  plane  perpendicular  to 
the  section  of  the  fiice,  of  which  the  first  produces  the 
dodecahedron  {§.  122.);  and  the  other  the  hexahedron 
(§.  124.). 

The  varieties  are  determined  according  to  the  mutual 
inclination  of  the  fiices  at  the  place  of  the  edge  of  the  hex- 
ahedron. Every  different  inclination,  greater  than  90** 
and  less  than  180**,  yields  a  particular  hexahedral  Trigonal- 
icontetrahedron. 

§.  127.  THB  TETRACOKTAOCTAHED&ON.    DS8I6KA- 
TION  OF  THE  TZSSULAR  FORMS. 

In  the  seventh  situation^  the  moveable  plane  is 
the  face  of  a  Tetracontaodahedrim  (§.  77.). 

No  two  faces  coincide  in  a  single  plane.  The  form  there- 
fbre  is  contained  under  forty-eight  ftoes,  which  are  scalene 
triangles,  on  account  of  their  intersection  with  two  fiices 
from  the  same,  and  with  one  fiice  from  the  adjacent  solid 
angle  of  the  hexahedron.  The  riiombohedral  solid  angles 
are  formed  by  six  faces,  the  pyramidal  solid  angles  by 
eight,  and  the  prismatic  solid  angles  by  four.  All  of  them 
are  equiangular  and  digrammic.  Hence  the  form  will  be  a 
Tetracontaoctahedron. 

It  may  here  be  observed,  that  the  seven  forms  thus  con- 
nected with  the  hexahedron,  the  hexahedron  itself  being 
one  of  the  number,  perfectly  agree  with  each  other  in  re- 
spect to  the  kind,  ninnber,  and  situation  of  their  axes, 
which  is  an  immediate  consequence  from  the  method  of 
derivation  employed.  The  same  property  does  not  extend 
to  the  rest  of  the  forms  of  several  axes;  and  thus  the  num- 
ber of  the  different  kinds  of  axes  in  their  peculiar  situation, 
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becomes  the  cliaxacter  bj  whidi  it  is  possible  to  asoertsin 
whether  or  not  a  form  of  several  axes  bekmgs  to  the  com- 
pass of  those  which  maj  be  derived  immediatety  from  the 
hexahedron.  All  these  forms  are  contained  under  the  first 
degree  of  regulsritj  (§•  47*)* 

It,  instead  of  a  liiombohednm,  we  substitute  the  hexa- 
hedron, or,  instead  of  an  isosceles  four-sided  pyramid  the  oe- 
tahedron,  and  api^j  to  them  the  modes  of  derivation  describ- 
ed above  (§.  80. 81. 82.) :  certain  combinations  between  the 
derived  forms  will  likewise  represent  the  whole  compass  of 
those  obtained  b j  the  process  of  the  moveable  plane ;  some 
of  them  even  with  their  determined  dimensions,  which  may 
be  considered  as  an  advantage  of  this  method.  It  requires, 
however,  some  knowledge  of  compound  forms  (§.  34.), 
upon  the  resolution  or  developement  of  which  it  depends. 

The  designation  of  the  fi>rms  of  several  axes  has  been 
firamed  upon  a  principle  different  from  that  followed  in  the 
dengnatian  of  the  rest  of  simple  forms.  The  great  num- 
ber of  distinct  kinds  of  forms,  and  the  few  varieties  of  each, 
known  or  occurring  in  the  compass  of  derived  Ibrms,  have 
been  the  reason  whj  it  was  impossible  to  trace  in  the  ciys- 
tallographic  signs,  all  those  relations  of  the  forms  to  eadi 
other  which  distinguish  the  designation  of  the  forms 
derived  from  the  four-sided  pyramids  and  from  the  rhom- 
bohedrons.  The  following  method,  although  it  does  not 
possess  the  advantage  of  expresmng  these  relations,  yet 
is  recommended  by  its  brevity  and  distinctness. 

Designate  the  hexahedron  by  the  letter  H,  the  octahe- 
dron by  O,  the  dodecahedron  by  D,  the  tetracontaoctahe- 
dron  by  T ;  these  being  the  initial  letters  of  their  respec- 
tive names.  The  initial  letters  of  the  icositetnhednms 
cannot  be  employed  in  the  same  way,  because  there  are 
three  different  kinds  of  such  forms  among  those  immediate- 
ly derived  from  the  hexahedron ;— 4iamely,  the  hexahe- 
dral  and  the  octahedral  trigonal-icositetrahedrons,  and  the 
digrammic  tetragonal-icoeitetrahedron.  Designate  the  fint 
of  these  by  A,  the  second  byB,  the  third  by  C;  and  add 
tp  them,  us  well  as  totbesignof  the  tetracontaoct^hedronsy 
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tlie  number  which  denotes  the  Ytiiety  of  Uwae  fbaoM,  as 
contained  in  the  preceding  paragniphs  7l»77* 

§.  128.   RESOLUTION  OF  FORMS  BELOVOIMO  TO  THX 
FIRST  DEGREE  OF  REGITLARITT. 

To  resolve  a  form  of  several  axes,  means  to  pro- 
duce from  it  two  or  more  equal  and  similar  forms 
of  several  axes,  the  faces  of  which  agree  in  num* 
ber  and  situation  with  one-half  or  one-fourth  of  the 
faces  of  the  original  form.  These  forms  reproduce 
the  original  one,  if  combined  in  the  required  po- 
sition. 

A  form  of  aevend  axes,  produced  1^  the  veadution  of  aii» 
other,  if  it  containa  half  the  number  of  its  ftoea^  ia  termed 
a  Hd{fi  if  it  containa  onlj  one-firarth  of  the  ftoea,  it  Is 
termed  a  Fourth  of  the  resolved  or  oiipnal  fiirm. 

Theae  halrea  must  not  be  taken  fi>r  half  fhrms,  or  such 
as  mlgfat  be  obtained  by  cutting  in  two,  one  of  the  original 
fanoBj  as  would  be  a  simple  pyramid.  Nor  are  the  fburths 
real  quarters  of  original  fi>mia,  because  thej  have  not  been 
obtained  by  cutting  in  two,  one  of  the  preceding  halves. 

The  m^hod  by  which  the  resolution  is  efiected,  is  the 
following: 

Place  the  given  form  in  an  upright  poattum,  so  as  to 
make  one  of  its  rhombohedral  axea  vertical. 

Qall  the  upper  terminal  point  of  this  axis  a  PrMpai 
Pcint,  the  lower  one  a  SubortUmOe  Polntj  and  trana&r  thoae 
names  to  all  the  terminal  pointa  of  riiombobedral  axes,  dis- 
tant  fhmi  the  vertical  one,  for  109**  W  le^.  In  ^  h^xa* 
hedron,  aa  represented  Hg.  SA.,  the  principal  pointa  are 
A,  B,  B',  B",  and  the  subordinate  pointa^  %  Q  C,  C^ 

JMw^now, 

1.  dU^JhcetcoritlguoMiio^prhclpaipalMUytSXith^ 
tiguous  to  the  subordinate  pointa  diaqipear;  or. 
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the  tubordktaie  tmB$  Mi/^  wt  pturtMd  to  ikem^  agaiii,  till 
the  rest  disappeur :  or, 
3.  Ihe  oUemaHng  Jhcet  from  the  principal  pointt^  and  ^iote 
from  <Atf  9tibordinste  ones^  which  are  not  paraikl  to  themy 
till  the  rest  diflappear. 

The  enlaiged  fkceSy  if  thej  can  geometricallj  include  a 
space  by  themselves,  will  produce  a  form  of  manj  axes, 
which  is  a  Half,  if  only  one  of  the  three  methods  has  been 
applied ;  a  Fourth,  if  two  at  the  same  time,  or  subsequent- 
Ij,  have  been  employed  in  resolving  the  original  form. 

I^  in  the  first  mode  of  resolution,  instead  of  enlarging 
theftuies  contiguous  to  the  principal  points,  we  enlarge 
those  fipom  the  subordinate  ones,  the  result  trom  the  same 
original  form  will  be  another  hal^  equal  and  similar  to  the 
first,  but  in  a  different  situation  from  the  other  form. 
The  two  halves  can  be  brought  into  a  parallel  position,  bj 
iBverting  the  perpendicular  axis  of  one  of  them.  The  posi- 
tion now  mentioned  is  called  the  itnjerM,  in  reference  to  the 
other  or  normal  position ;  and  one  half  of  this  kind  is  said 
to  be  the  Inverte  of  the  other,  which  has  been  obtained  in 
the  normal  position* 

A  similar  result  takes  place,  i^  in  aj^jring  the  second 
mode  of  resolation,  those  feces  are  made  to  disappear, 
which  produce  the  half  in  the  normal  position,  while  the 
others  are  enlarged.  Both  these  kinds  of  halves  are  re- 
iharkable  for  the  parallelism  of  their  feces,  whidi,  however, 
i^  a  consequence  of  the  method  of  resolution  applied. 

The  third  method  of  resolution,  if  treated  in  the  same 
manner,  enlai^ng  those  feces  which  had  been  made  to  dis- 
appear before,  and  vice  verta^  does  not  yield  exactly  the 
same  resuU.  In  respect  to  position,  there  is  no  difierenoe 
among  the  two  halves  i  but  there  is  a  difference  according 
to  Migh$  and  Left^  as  mentioned  in  §.  g.  67*  and  76-  The 
same  relation  exists  in  the  Fourths,  which,  like  the  halves 
of  the  first  and  third  method  of  resolution,  have  no  paral- 
lel feces. 

Some  of  the  forms  derived  from  the  hexahedron,  do  not 
allow  of  any  resolution  at  all ;  either  because  half  the  num- 
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ber  of  their  ftoes  would  not  be  suflfident  to^indude  a  fpace 
fhim  all  aides ;  or  because  none  of  the  methods  meDtioued 
is  applicable  to  them.  The  fixat  is  the  reason  wh j  the 
hezahedroD,  the  other  whj  the  dodecahedron,  have  no 
halyes.  Besides,  it  is  not  every  form  that  can  be  resolved 
bj  eveiy  one  of  the  above-mentioned  methods ;  but  cer- 
tain properties  of  the  fonn  are  required  to  lender  one  of 
these  methods  applicable. 

Thejhrtt  method  supposes  the  &ees  of  the  form  which  is 
to  be  resolved  not  to  touch  the  terminal  points  of  two  riiom- 
bohedral  axes ;  or,  which  is  the  same,  not  to  touch  a  prin- 
cipal point  and  a  subordinate  one  at  the  same  time.  For 
as  it  is  required  to  effect  the  reverse  on  one  of  those  p<untsy 
from  what  has  been  done  on  the  other,  it  would  thus  be 
requimte,  that  one  and  the  same  face  should  at  the  same 
time  be  made  to  enlaxge  itself  and  disappear.  For  this 
reason,  the  hezahedral  trigODal4contetrahedron  cannot  be 
lesolved  according  to  the  first  method. 

The  tecond  and  ihM  method  supposes  the  number  of 
fiu»s  at  the  rfaombohedral  solid  angles  to  be  such  as  will 
render  it  possible  to  enlaige  the  alternating  ones.  This 
cannot  take  place,  if  the  solid  angles  are  formed  of  tliree 
fiices.  In  this  case,  the  resolution  too  is  impossible ;  and 
therefbre,  the  two  methods  require  the  rhombohedral  solid 
anj^  to  conMst  of  six  &ces.  The  third  method  requires 
moreover  the  condition  of  the  first  method  to  take  place, 
else  it  would  be  necessary  to  enlarge  all  the  fiices ;  and  con- 
sequently no  resolution  at  all  could  take  place.  By  this 
last  condition,  the  hexahedral  trigonaUicoaitetrahedron  is 
excluded,  and  the  method  becomes  applicable  only  to  the 
tetracontaoctahedron,  which,  however,  can  be  resolved  ac- 
cording to  both  the  other  methods. 

The  axes  undergo  very  remarkable  changes  by  the  reso- 
lution. The  riiombohedral  ones  remain  unaltered;  the 
prismatic  axes  disappear  entirely  in  all  the  halves;  the 
changes  in  the  pyramidal  axes  are  various.  If  the  third 
method  has  been  applied,,  they  remain  constant  like  the 
rbombohedial  axesj  they  are  changed  iilto  prismatic  axes 
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in  the  first  and  second  procesfles ;  and  then  there  axe  no 
more  than  three  axes  of  thia  kind  to  be  found  in  the  solid. 
In  the  resolution  of  halves  in  fourths,  or  in  the  application 
of  two  of  the  methods  at  once,  they  disappear  entirely. 
•  The  peculiar  character  of  the  halves  is,  therefote,  that  they 
have  Hx  axes  less ;  of  the  fourths,  that  they  hare  nhie  axes 
leas  than  the  original  forms. 

The  halves  arising  fi^om  the  first  method  of  resection, 
and  the  fourths,  into  the  formation  of  which  this  method  like- 
wise enters,  assume  the  geneial  aspect  of  the  tedshedron. 

The  ciystallographic  ngna  of  these  forms  are  obtained 
by  indicating  a  division  by  the  numbers  3  and  4,  the  re- 
ferences as  to  position  by  the  signs  -f  and  — ,  and  those  to 
Ba^t  and  Left,  by  the  letters  r  and  1  prefixed  to  the  ciys- 
tallographic sign  of  the  original  form. 

§.  1S9.   THB  TETBAHBDAOW. 

The  half  of  the  octahedron  is  ihe  Tetrahedron 
(§.  BTt.). 

The  octahedron  allows  of  the  application  of  the  first  pro- 
cess. The  number  of  fooes  of  its  half  is  four,  and  these 
fooes  are  perpendicular  to  the  rhombohedral  axes. 

The  ciystallographic  signs  of  the  two  tetrahedrons,  of 
which  one  is  in  the  normal,  the  other  in  the  inverse  posi- 
tion, Figs.  13.  14.,  as  halves  of  the  octahedron,  are  —  (o) 

and  —  2-  (oO. 
2 

§•  ISO.  TUB  HEXAHBDBAL  PBNTAGOKAL-DODBCA- 

HEBBOK. 


The  half  of  the  hexahedral 
dnm  is  the  hexahedral  Peniaffonaldodecdhedron 

(§.eft). 

Here  the  second  process  must  be  applied*    If  the  al^ 
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teimtthig  hccB  oontignous  to  the  principBl  points 
pear,  and  at  the  lame  dme  thoae  whidi  aipe  pttaUel  to  the 
ibrmer  at  the  subordinate  points ;  every  one  of  the  ze- 
nudning  enlaiged  fiuxs  is  intersected  by  five  others,  and 
thus  assumes  a  pentagonal  figure.  The  number  of  fiicea  is 
evidently  twelve ;  the  form  produced  will  therefore  be  a 
pentagonal-dodecahedron,  which  is  a  hexahedral  one  because 
the  second  mode  of  resolution  does  not  change  the  general 
aspect  of  the  form.  The  latter  property  also  n^ght  be 
derived  from  the  equality  and  simiJaxity  of  the  ei^t  solid 
angles  of  three  fiuses,  which  correspond  to  those  of  the 
hexahedrsl  trigonal-icositetndiedron,  which  axe  fimned  by 
six  fiuxs  (§.  «e.  l.> 

The  crystaUographic  signs  of  the  hexahedral  pentagonal- 
dodecahedrons,  one  of  them  being  in  the  normal,  the  other 

in  the  inverse  position,  Figs.  19.  20.,  are—  (a)  and 


An 

2 

e.^preBscdi 


..  ^^  (a%  where  n  denotes  the  variety  which  is  to  be 

2 


§.  131.  THE  DI6SAMMIC  TETEAGONAL-DOBSCAHE- 

DEON. 

The  half  of  the  octahedral  trigonal-ioositetrahe- 
dron  is  the  digrammic  TetragondUdodecahedron 
(§.  64.). 

The  resolution  is  effected  after  the  first  method. 

£ach  of  the  enlarged  fiKres  is  intersected  by  fbur  others, 
of  which  two  belong  to  the  same,  and  two  to  other  prineU 
psl  points.  Thus  they  become  four-sided,  and  their  number 
is  twelve.  Hence  the  form  is  a  tetragonaLdodecahednm ; 
and  since  it  assumes  the  general  aspect  of  a  tetmhedron, 
the  first  mode  of  resolution  having  been  i^iplifld,  it  will  be 
that  described  in  §.  64. 1.,  or  the  dignunmic  tetn^nal- 
dodecahedron. 

Th^  ciystallographic  signs  of  these  fiinns  in  the  nonnal 
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fin 

and  )Q  the  invene  poBitiony  Figs.  17*  18.,  are  —  (()  and 

§.  182.   THE  T&IGONAL-DOSECAHEDRON. 

The  half  of  the  digrammic  tetragonal-icositetnip 
hedron  is  the  TrigonaUodecahedron  (§.  61.) 

This  resolutioa  ii  likewise  effected  after  the  first  me- 
thod. 

Each  of  the  enlaiged  fiu^s  is  intersected  hy  two  ftoes 
of  the  same,  and  one  of  another  principal  point.  These 
fiioes,  isosceles  triangles,  are  twelve  in  number ;  and  the 
half  theicfine  is  a  trigonal-dodecahedron. 

The  crystallographic  signs  of  these  forms  in  the  normal 

Cn 

and  in  the  inverse  position,  Figs.  16.  16.,  are  —   (o) 

and  — £2(cO. 
2 

§,  133.  THE  TETEAHEDRAL  TBI60NAL-IC08ITETRA* 
HEDRON,  THE  TRIORAMMIC  TETRA60NAL-IC0SI- 
TETRAHEDRON,  AND  THE  PENTAGONAL-ICOSITE- 
TRAHEDRON. 

The  halves  of  the  tetraoontaoctahedron  are, 

1.  The    tetrahedral    Trigonalicasitetrahedran 
(§.  70.) ; 

2.  The  trigrammtc  Tetragormt-icositeirahedrofi 
(§.  75.) ;  and 

3.  The  Pentagonal-iamietrahedron  (§.  76.). 

Any  one  of  the  three  methods  of  resolution  may  be  ap- 
plied to  the  tetracontaoctabedron ;  and  this  form  conse- 
quently has  three  kinds  of  halves,  which  at  first  si^t  seem 
to  agree  with  each  other  only  in  their  being  icositetrahe- 
drons. 
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The  fint  mode  yields  the  tetrahednd  tngonaUooritetxa- 
hedron.  The  solid  angles  of  mx  fiices  of  the  origiiial  fonn 
are  likewise  to  be  found  in  the  bal^  because  according  to 
this  method  all  the  fiices  contiguous  to  the  principal  points 
are  enlaiged.  The  fiices  are  intersected  by  two  otherfiu^s 
of  the  same  principal  point,  and  by  one  &ce  contiguous 
to  another,  exactly  as  in  the  preceding  case ;  the  fiuses  re- 
main triangles,  which  are  likewise  scalene,  but  not  similar 
to  those  of  the  original  form.  The  half  thezeibre  is  a  tri- 
gonaUicoaitetrBhedron,  which  owes  its  tetrahedxml  aspect  to 
the  application  oF  the  first  process. 

In  the  deagnati<m  of  these  forms,  it  is  necessary  to  indicate 
the  mode  of  resolution  upon  which  they  depend.  The  sign  of 
the  tetrahedial  trigonal-icositetrahedrons  in  both,  the  normal 

and  the  inTerse  posit  ions.  Figs.  25. 26.,  will  therefi>re  be  J?. 

and  —  —  •    The  trigrammic  teiragonal-icositetrahedron  is 
2  i 

the  result  of  the  second  mode  of  resolution.  The  intersec* 
tion  of  the  enlaiged  fiioes  takes  place  with  two  fiices  of  the 
same  principal  points,  and  with  two.fiuies  contiguous  to  adja- 
cent subordinate  points.  In  comparing  the  pyramidal  solid 
angle  of  the  tetracontaoctahedron  with  the  corresponding 
solid  angle  in  its  hal^  we  find,  that  of  the  eight  fiu:es  which 
constitute  the  first,  alternating  Pairs  of  ftces  are  enlarged, 
and  not  the  alternating  single  laces.  From  this  it  becomes 
evident  that  the  angle  formed  by  four  fiices  above  the  hce 
of  the  hexahedron  cannot  consist  of  equal  edges,  and  that 
oaDsequently  the  fiu:es  of  the  tetragonal-icositetrahedTon 
thus  formed  cannot  by  a  straight  line  be  divided  in  two  isosce- 
les triangles.  Besides  the  two  kinds  of  edges  meeting  in  the 
aoHd  angle  of  four  fiices,  the  finrm  contains  still  another  kind 
of  edges,  which  meet  in  the  xfaombohedzal  soUd  angle  form- 
ed  by  three  planes ;  it  is  therefine  a  trigrammic  tetragonal- 
icositetrahedron  (§.  75.  2.> 

The  crystallographic  signs  of  the  trigrammic  tetragonal 
icosttetnhedrons  in  both,  the  normal  and  the  inverse  poa- 

'  tions,  Figs.  27.  28.,  are  IS  and  —  Z!?. 

2  ii  2  ii 
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If  we  apply  the  third  method,  the  resolt  will  be  a  pen- 
tagonal-icositetiahedroii.  Here  all  the  altematiiig  fiices 
of  the  original  form  are  enlaifped,  while  the  rest  disappear, 
80  that  each  fiK»  is  interaeoted  bj  five  othera,  of  which  two 
beUnog  to  the  nme  principal  point,  the  rest  to  the  adjoin* 
ing  subordinate  points,  and  Uie  fiuxs  aasame  therefore  a 
pentagonal  Bgure.  Of  the  pyramidal  solid  ang^  of  the  te- 
tiacontaoctahedron  likewise  the  alternating  fihces  are  en- 
kiged ;  this  solid  angle  therefore  remains  a  pyramidal  one, 
and  the  axis  which  passes  through  it,  a  pyramidal  axis. 
These  properties  will  suflSce  for  determining  the  form  to  be 
a  pentagonal  icoaitetrahedron. 

The  crystallographic  signs  of  the  pentsgona]4ooaitetra. 
hedrons,  in  refrrenoe  to  their  being  as  it  were  twisted  to 

the  right  or  to  the  left,  Figs.  29.  80.,  are  riband  \—. 

2  2 

It  would  be  superfluous  to  add  here  the  number  iii  for  in- 
dicating the  mode  of  resolution,  except  in  comparing  these 
forms  with  other  hslves  of  the  tetrscontaoctahedrop. 

§.    184.     THB    TETJtAHBDBAL    PEMTAGONAL^DODE- 

CAHEOBONS. 

The  three  ioositetrahedrons  of  the  preceding  pa- 
ragraph, whidi  are  halves  of  the  tetraoontaoctahe* 
dron,  allow  of  a  farther  resolution,  and  then  yield 
the  fourths  of  that  form.  The  fourths  of  the  te- 
traoontaoctahedron,  are  the  tetrahedral  Pentagonal' 
dodecahedrons  (§.  67.). 

The  resolution  of  the  tetrahedral  trigonal-icositetndie- 
dron,  is  effected  by  enlaiging  its  alternating  fooes,  tiU  they 
limit  the  space  by  themselres.  Each  of  the  enlaiged  fooes 
is  intenected  by  five  others ;  and  the  resultant  fourth  is 
therefore  a  pentagonal-dodecahedron,  whose  general  9spect 
is  that  of  the  tetrahedron,  on  account  of  the  tq^dication  of 
the  first  process.  The  fourth  itself  is  the  tetrahedral 
pentagoiial«dodecahedron. 
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This  method  of  Tesolution  produces  the  same  result  as  if 
the  first  and  the  second,  or  the  first  and  the  third,  had  been 
applied  to  the  tetracontaoctahedron.  The  first  requires 
the  &uceB  of  the  subordinate  points  to  disappear ;  the  others 
require  in  this  case  onlj  the  enlargement  of  the  alternating 
fices  of  the  remainder. 

If  in  the  ioositetrahedron  considered  above,  we  enlaige 
those  fiices  which  have  disappeared,  and  vice  versa,  let  those 
disappear  which  have  been  enlarged  before;  the  result 
in  respect  to  that  obtained  first,  will  be  a  Left  tetrahedral 
pentagonal4odecahedron.  But  the  icositetrahedron  may  be 
resolved  both  in  Ike  normal  and  in  the  inverse  position* 
Hence  both  the  differences,  as  to  Kight  and  Left,  and  as 
to  Normal  and  Inverse,  come  into  consideration  in  the  te* 
trahedral  pentagonal-dodecahedron. 

The  trignunmic  tetragonal-icositetrahedron  may  be  re- 
solved after  the  first  process,  by  enlarging  all  the  fiioes 
contiguous  to  its  principal  points,  &c.  Each  of  these  faces 
is  intersected  by  five  others,  two  of  which  belong  to  the  same, 
the  other  three  to  a4jacent  principal  points.  For  the  rest, 
eveiy  thing  is  as  above ;  and  the  trigrammic  tetragonal- 
icositetrahedron  yields  exactly  the  same  fourths. 

The  pentagonaUieositetrahedrop  is  resolved  according  to 
the  first  method,  by  enlarging  all  the  fiices  contiguous  to 
the  prindpal  pmnts,  ftc  Each  of  these  fiioes  again  is  in- 
tersected by  five  others,  and  the  result  of  the  resolution  is 
likewise  a  tetrahedral  pentagonal-dodecahedron. 

These  four  pentagonal-dodecahedrons,  different  on  one 
nde  as  to  right  and  left,  on  the  other  as  to  their  normal 
or  inverse  position,  reproduce  in  binary  combinations  the 
icositetrahedxons,  and  in  a  quadruple  combination  the  tetra- 
contaoctahedron itself,  firom  the  resolution  of  which  they 
have  been  obtained. 

The  first  of  these  differences  is  expressed  by  the  letters 
r  and   1,  the  second  by  the  signs  +  and  — ,  prefixed  to 

_  tlie  general  notation  of  one-feurth  ef  the  tetnconto- 
4 

4N:tahedron.    The  four  dodecahedrons  will  therefore  be : 
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+  rl2  (0   l^g.  21-»      -r^(0  Fig.M^ 
4  4 

+  1  Z?  (O  Fig.  28.,      —  1  ^  (f^  Fig.  24. 
4  4 

These  four  solids  yield  six  UoMry  aggregates : 

1. +rl2.  -rl^  whichis^  l^.Fig.80.; 
4  4  2ui 

2.+rIi    +ll2,   which  is  «+ I?  Fig.  26.; 
4  T^  2i      "^ 

3.  +r2^  —1^   which  is  «  — Is  Fig.  28. ; 

4  4  2ii 

4.  — rl5.    +ll2,  which  is  i  +  I^  Fig.  27.; 

4  4  2u 

6.  — rli  —lis,  whichis*— I?Fig.26.; 
4  T^  2i     * 

e.  +  1  Is  ^l1^  which  is  »  r  Z?  Fig.  29. 
4  4*  2iii    * 

Of  these,  1  and  6  axe  pentagonal-icositetrahedions,  1  is 
the  left,  and  6  the  right  one ;  2  and  6  are  tetrahedral 
trigonal-icositetrahedrons,  2  is  in  the  normal,  and  5  in  the 
inverse  position ;  and  3  and  4  are  trigrammic  tetragonal- 
icositetrahedrons,  of  which  4  is  in  the  normal,  and  3  in 
the  inverse  position.  Every  two  homogeneous  fimna  of 
these  six  reproduce  by  combination  the  tetracontaoctahe- 
dron  itself 

The  halves  and  fourths  belong  to  the  second  degree  of 
regularity. 

The  preceding  methods  of  resolving  the  original  forms 
of  several  axes  yield  all  those  forms  which  have  been  de- 
scribed above  (§.  57-— 77*)9  and  which  could  not  be  ob- 
tained by  immediate  derivation.  Thus,  resolution  com- 
pletes what  by  derivation  would  have  renuuned  imperfect ; 
and  we  are  entitled  to  consider  as  complete  the  munber 
of  ample  forms  of  several  axes. 

The  method  of  resolving  simple  forms,  is  not  confined 
to  those  which  possess  several  axes,  in  as  much  as  it  may 
also  be  applied  to  pyramids  of  every  description,  and  even 
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to  riiombohedrons.  This  requizies,  howerer*  oeftain  re. 
8trictioi»,  which  will  be  mentioned  along  with  the  results 
of  that  process,  in  some  of  the  pamgiaphs  leferring  to  the 
Character  of  ComUaa^ons, 


OXXXRAL  IDEAS  OF  SIMPLE  FOBIIS. 
§.  185.   SYSTEM  OF  C&Y8TALLI8ATION. 

The  assemblage  of  simple  forms  derivable  from 
one  fundamental  form  (§.  87  ),  independent  of  all 
consideration  of  its  dimenaons,  is  termed  a  System 
of  CrjfUalliHUion^  and  denominated  after  the  fun- 
damental form,  from  which  it  is  derived. 

The  term  Sjstem  of  Crjrstallisation  has  often  been  made 
use  of  in  a  sense  dlfierent  from  that  of  the  present  defini- 
tiim. 

A  Sjstem  of  CxjstaUisation  is  not  a  mere  aggregation  of 
forms,  acoordlug  to  their  difierent  kinds,  or  according  to 
certain  properties  peculiar  to  them ;  but  it  is  the  AMtemblage 
of  tkoic  RelaHotu  which  take  place  among  certain  simple 
forms,  in  as  fiur  as  they  are  derived  fiom  one  fundamental 
form. 

From  the  above  mentioned  four  fundamental  forms,  there 
arise  four  different  Systems  of  Crystallisation ;  and  no  more 
systems  are  possible,  if  there  exbt  only  four  forms  of  this 
kind.  We  have  no  reason  to  assume  a  new  fundamental 
form  in  Crystallography,  unless  we  have  discovered  or  ob- 
senred  a  form,  whidi  cannot  be  derived  from  any  one  of 
those  which  are  known.  As  this  is  the  case  with  the  sca- 
lene four-sided  pyramids  with  an  Inclined  axis  (§.  98.),  the 
number  of  systems  of  ciystallisation  will  be  increased  to 
tixy  or  perhaps  to  seven.  In  none  of  these  systems  can 
there  be  any  objection  against  considering  all  those  forms 

VOL.  i.  K 
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which  geometrically  must  eatet  into  it,  as  really  beLonging 
to  them,  although  nature  should  not  as  yet  have  produced 
them  as  simple  fyrma^ 

The  System  of  Ciystallisation  derived  flrom  the  xfaombo^ 
hedron  is  termed  the  Rhombohedral  SfjfHem,  The  system 
whose  fimdamental  form  is  the  isosceles  four-sided  pyramid, 
IS  called  the  quadrato-pyramidal,  or,  in  shorter  terms,  the 
F^rmUdai  SytUm  ;  that  from  the  scalene  fisur-sided  pym- 
mid  is  the  rhombeo^pyramidal  system,  which,  on  account  of 
the  great  variety  of  prisms  which  it  contains  (§.  91.  9&  98.X 
receives  the  denomination  of  the  PrimuUk  SyHem ;  and 
that  from  the  hexahedron  is  called  the  Tenuhr  SywUm^  not 
the  bexahedral  one,  in  order  to  intimate,  that  experience 
has  not  as  yet^ven  any  reason  for  assuming  another  sys- 
tem of  teasular  forms,  although  geometrically  we  may  con- 
odve  a  system  of  forms  of  several  axes,  which  stands  in  the 
same  relation  to  the  r^lar  dodecahedron  of  Geometxy,  in 
which  the  tessular  system  is  to  the  hexahedron.  The  other 
systems,  comprising  the  Hemiprismatic  (§.  153.)  and  the 
Tetartoprismatic  (§.  154.)  forms,  have  not  as  yet  been  pro- 
vided with  particular  denominations. 

§.  186.  SERIES  OF  CarSTALLTSATlON. 

The  fundamental  form  being  supposed  to  possess 
determined  dimensions,  the  assemblage  of  derived 
forms  becomes  a  Series  of  Orysiailiaaiion. 

The  system  of  ciystallisation  is  an  idea  of  veiy  great  ex- 
tent, but  it  is  liable  to  certain  restrictions  in  particukr  de- 
terminate cases.  These  restrictions  consist  in  ascertaining 
or  fixing  the  dimensions  of  the  ftmdamental  fimns  in  the 
difierent  systems :  for  the  relations  of  the  derived  forms 
among  each  other  and  to  the  fundamental  one  are  general, 
and  must  remain  unchanged  in  all  series  of  crystallisation, 
which  belong  to  the  same  system.  If,  therefore,  the  fimda- 
mental  form  is  supposed  to  possess  determined  dimensions, 
the  derivation  will  yield  a  System  of  Crystallisation,  which 


§•  1S7.     GENERAL  IDEAS  OF  f  0BM8«        14T 

IS  detennined  for  a  pttiticultr  case  i  or,  wfaicli  ia  the  mpw 
thing,  it  will  produce  a  Series  of  CiTstaUiaatioii. 

From  theae  consideratioiis  it  foUowa  that  the  tesaular  ^i- 
tern,  being  the  only  one  in  which  the  simple  forms  possess 
inTsriable  dimensions,  will  oomprebend  only  one  S^ies  of 
Giystaliisation ;  while  all  the  other  systems,  which  poaBeas 
▼ariable  dimensions,  may  comprehend  an  unlimited  num- 
ber of  such  sc^ries,  that  is  to  say,  as  many  as  there  may  be 
difierences  in  the  dimensions  of  their  fundamental  forms. 

Since  these  series  represent  the  ayatema  of  ciystallisa- 
tion  themselves,  though  determined  for  particular  dimen- 
aions ;  it  is  plain  that  they  must  not  be  confounded  with 
the  series  of  homogeneous  simple  forms  (§.  85.)  considered 
abore,  as,  for  instance,  with  the  series  of  rhombobedrons, 
or  of  the  different  pyramids.  It  is  also  evident  that,  if 
different  members  of  the  same  series,  for  instance  R, 
li  +  3,  R  —  1,  &C.,  be  considered  as  fundamental  forms, 
they  will  not  yield  different  series  of  crystallisation,  because 
upon  this  supposition,  the  results  obtained  by  derivation 
will  be  identicaL 

§.  137.   THE  SrSTEM  OF  CBY8TALLISATI0N  DETEB- 
MINED  FSOM  A  SINGLE  FOKM. 

From  the  observation  of  any  single  form,  except 
the  right  rectangular  prism,  the  System  of  Crystal- 
lisation to  which  this  form  belongs  may  be  inferred. 
This  extends  to  the  Series  of  Crystallisadon,  if  the 
dimensions  of  the  form  be  given  or  known. 

The  fiicility  of  ascertaining  the  System  of  Crystallisation, 
by  observing  one  angle  form,  is  obvious,  and  is  founded 
upon  the  difference  among  those  simple  forms,  which  const!, 
tute  the  different  systems.  Thus  the  rhombohedrsl  system 
is  composed  of  rhombobedrons,  of  six-sided  pyramids,  and  of 
six-sided  and  twelve-aided  prisms ;  the  pyramidal  system,  of 
isosceles  four-sided  pyramids,  and  of  scalene  eight-sided  py- 
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SRunids^  besides  rectangular  four^sided  priamsy  and  ei^t- 
aided  priama  of  altematelj  equal  angles,  &c.  It  ia  therelbre 
not  very  difficult  from  one  form  being  l^iown,  to  tnce  or 
find  out  the  ajstem  to  which  it  belongs.  The  only  excep- 
tion occurring  here,  ia  the  rif^t  rectangular  four-sided 
priam,  which  maj  belong,  as  a  aimple  form,  or  aa  a  com- 
pound one,  to  three,  or  at  least  to  two  difierent  aystems, 
if  we  abstract  from  the  plane  perpendicular  to  the  axis. 
-  As  a  simple  form,  it  is  the  hexahedron,  and  belongs  to  the 
tessular  system ;  aa  a  compound  form,  whidi  conaiats  of  two 
simple  ones  (P  —  ob  and  P  +  »),  it  ia  a  right  rectangular 
priam,  and  belongs  to  the  pyramidal  system ;  and  aa  a  com- 
pound form,  conaisting  of  three  aimple  ones  (P  -~  eo. 
Ihr  +  00.  Pr  +  oo.),  it  is  likewise  a  right  rectangular  prism, 
but  belongs  to  the  prismatic  system.  The  abstrKt  geome- 
trical consideration  of  these  forms,  yields  no  characters  by 
which  they  could  be  distinguished  from  one  another,  though 
the  means  will  be  afterwards  (§.  159.)  pointed  out,  by  which 
this  uncertainty  may  be  removed,  and  which  principally 
depend  upon  the  connexion  of  certain  forma  with  each 
other,  and  upon  several  peculiaritiea  occurring  along  with 
them  in  natural  bodies. 

If  the  given  form  possesses  finite  dimensions,  these  are 
either  known',  or  may  be  found  .by  immediate  measure- 
ment ;  in  both  cases,  therefore,  it  is  possible  to  obtain  those 
of  the  fimdamental  form,  and  conaequently  also  of  the  ae- 
ries to  which  it  belongs. 


III.  or  COMBIXATXONS. 
or  COMBIXATIOXS  ly  OENBEAL. 

§.  188.   DEFIKITIOK. 

A  compound  form  is  termed  a  Cambinaiion 
(§.  3*.). 
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A  mineiBl  occurring  in  &  compound  form  is  neverthek 
a  simple  mineral  (§•  21.),  and  may  be  an  indiyidual;  for 
that  composition,  which  is  the  subject  of  our  present  consi- 
deration, regards  onlj  the  external  form  of  the  minend. 
Yet  an  individual,  afiecting  a  compound  form,  or  more  than 
one  simple  form  at  a  time,  majr  be  imagined  to  rtpttteiU  two, 
tlwee,  or  more  individuals,  if  we  suppose  tbat  all  the  na« 
tural  historical  properties  of  the  individual,  with  the  ex- 
ception of  the  geometrical  ones,  are  connected  with  every 
one  of  the  simple  forms  contained  in  the  combination. 

A  combination  may,  in  some  instances,  assume  the  as^ 
pect  of  a  simple  form,  being  contained  under  foces  which 
are  equal  and  similar  to  each  other  (§.  35.).  This  takes 
place  when  two  equal  and  nmilar  forms  combine  in  differ- 
ent positions,  which  pontions,  nevertheless,  axe  always  pe« 
culiar  to  the  system  in  which  these  forms  are  found.  Com- 
binations of  this  kind  may  be  ascertained  to  be  sudi,  and  dis- 
tinguished from  really  simple  forms,  either  by  the  number 
of  their  fiuses,  which  is  greater  than  that  produced  bj  deri- 
vation, or  bj  their  rektions  and  the  position,  which  exclude 
these  appaientlj  simple  forms  from  the  series  to  which,  as 
simple  forms,  the/  would  necessarilj  belong. 

The  form  of  a  combination  is  the  space  contamed  at  the 
same  time  within  all  the  simple  forms  oonstituting  it. 
Hence,  none  of  the  angles  of  incidence  of  a  combination 
can  be  greater  than  180°,  or  re-entering  angles.  Such  angles 
are  produced,  though  not  always,  if  two  or  more  indivi- 
duals, of  the  same  or  of  different  forms,  are  connected  in 
difierent  positions;  these  compositions  wiU  be  properly 
considered  in  g.  178.  &c. 

The  number  of  forms  entering  into  a  combination,  is  un- 
determined. There  may  be  only  two,  but  there  also  may 
be  a  great  number  of  them.  A  eombination  containing  two 
simple  forms  is  also  termed  a  Unary  cambinaHon;  one  con- 
taining three  simple  forms,  a  triple  combutatlony  &c.  The 
exact  knowledge  of  binary  combinations  is  the  most  in- 
teresting department  of  Ciystallogn^y,  in  as  for  as  it 
refers  to  compound  forms.    The  knowledge  of  binary  eoa^ 


150  TEKMIKOLOGY.  §.  189* 

binatioitt  may  be  coondered  as  the  elements  of  the  know« 
ledge  of  multiple  combiiuitipiis ;  and  a  triple  combination 
may  be  leaolTed  into  two,  a  quadruple  combination  into 

rix,  one  consisting  pf  n  simple  forms,  into  "  ^°  "Z-J 
binary  combinational 

§.  189.   FIEST  LAW  OF  COMBINATION. 

The  first  Law  of  Ckymbiiiatioii  is:  Thai  ihe 
combined  simpkjbrms  muH  belong  md  only  to  the 
eame  System  (§•  185.),  but  oho  to  the  same  Series  ^ 
Cfystailisatioth  (§.   186.);  tJiey  mu$t  be  derived 
Jrom  one  and  ihe  same  Fundamental  Farm. 

If  one  of  the  simple  forms  contained  in  a  combination, 
belong  to  a  certain  System  of  Ciystallisation,  the  rest  of 
them  also  must  belong  to  the  same  system.  Let,  for  in- 
stance,  this  form  be  a  regular  six-sided  pzism ;  the  rest  of 
the  jforms  combined  with  it  will  belong  to  the  rhombohe- 
dial  system;  and  thus  one  single  form  recognised  in  a 
combination,  though  it  be  a  limiting  one,  will  be  sufficient 
to  determine  the  System  of  Crystallisation  .(§.  137-)>  But 
the  form  recognised  may  be  a  finite  one,  and  moreover  it 
may  be,  according  to  its  dimensions,  a  member  of  the  Se- 
ries of  Crystallisation  j)eculiar  to  rhombi^edral  Lame4ia- 
loide ;  the  rest  of  the  forms  will  belong  to  the  same  series 
(though  from  this  only  it  does  not  necessarily  follow  that 
the  individual  is  rhombohedral  Ume-haloide) ;  and  their 
dimensions  may  be  calculated,  as  soon  as  we  know  in  what 
relation  they  stand  to  that  which  has  been  detennined. 
Hence  also,  in  this  case,  the  observation  of  one  single  form 
suffices  for  determining  the  whole  Series  of  Crystallisation 
to  which  all  the  simple  forms  of  the  combination  belong 
(§•  137*)*  Nature  confirms  this  law  in  all  combinations, 
without  any  exception. 

The  only  combinations  to  be  considered  in  Crystallogra* 
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pbj  are  therefoce  sudi  as  are  produced  by  ianm  MiP^ffg 
to  the  Baine  Series  of  CxystalliBatioii. 

§.  140.   SKCONO  LAW  OF  COHBIMATIOV, 

The  second  Law  of  Combination  is :  TtuU  the 
Ample  forms  contained  in  ^  combination^  muH  he 
in  euch  PosiHons  towardi  each  other  a$  are  pecuRar 
to  them  in  the  eyeteme  to  which  ihejf  belongs 

Aoeording  to  the  precediiig  derivatioiiiy  the  amiplelbniia 
eievery  system  are  obtained  m  oertam  detcnniiied  posU 
tions.    In  these  pontSons,  and  only  in  these,  they  join  la 
combinations.    Thus,  in  the  xfaombohedxsl  sjstem  we  hav« 
the  parallel  position  and  the  transyerse  pontion ;  In  the  py« 
ramidal  qrstem  the  parallel  podtion  and  the  diagonal  posi* 
tion,  &C.    In  most  cases,  the  combined  fimns  assume  those 
positions,  in  which  they  have  been  deriTod.    Thus,  in  the 
rfaombohedxal  system,  tiie  subsequent  rhombohedrons  R  and 
II  + 1  are  in  a  transFerse  position,  the  alternating  ihombohe* 
drans  R  and  R  +  2  in  a  panUel  position,  in  regard  to  eadi 
other.   Yet  there  are  some  exceptions  in  this  respect.   The 
position  of  R,  the  fundamental  form  of  the  ihombohedral 
system,  is  considered  as  the  normal  one,  to  whidi  the  position 
of  all  other  forms  is  lefened ;  yet  tiiis  rfaombohedron  some^ 
times  appears  in  a  transverse  position,  whilst  other  lbrms» 
though  according  to  the  derlTstion  obtained  in  the  tnms* 
▼eroe  position,  nevertheless  affect  the  parallel  one  in  the 
combinations.    If  thus  one  and  the  same  simple  form  appears 
in  both  positions  at  once  in  a  combination,  a  remarkable  re- 
sult will  be  obtained,  after  the  necessary  enlargement  of 
their  Ihces,  all  other  &oe8  having  been  made  to  disqipear* 
They  produce  a  form  contained  under  equal  and  simikr 
fiioes,  which  assumes  the  aspeet  of  a  simple  one  (§b  IS&)^ 
though  it  is  really  compound,  as  results  ftom  the  ptwxm 
by  which  it  has  been  obtained. 
Kature  confirms  this  second  hw  rehttlre  to  the  portion 


j 


153  TEEUIK0L06Y.  §.  141. 

tf  the  fbrmt  a«  the  pnceding  one  (g.  180.),  in  every  combi- 
nation. 

§•  141*  6TMHETBT  OF  COMBIVATIOKS. 

The  Skfrnmeirff  of  combinations  is  founded  upon 
the  two  laws  in  §.  1S9.  and  §.  140. 

The  Sjmmetrf  of  eomtMnatioiM  consists  in  the  8une> 
ness  of  dispoeltiDn  of  the  ftoes,  edges,  and  angles  of  each  of 
those  simple  forms  which  they  contain,  in  xi^pect  to  the 
homologous  parts  of  the  other ;  or  it  consists  in  the  same- 
ness of  situation  of  the  different  edges  and  angles  produced 
hy  the  combination  of  these  simple  forms.  S jrmmetry  re- 
fers only  to  combinations,  Regularity  only  to  sample  forms 

'     (§-45.)- 

All  combinations  produced  by  nature  axe  symmetrical, 

and  experience  thus  confirms  the  truth  of  the  two  above- 
mentioned  laws ;  since  the  symmetry  of  combinations  de- 
pends upon  the  relative  dimensions  and  the  position  of 
simple  fonns.  These  Laws  of  Combination,  and  not  the 
Symmetzy  of  the  latter,  areftindamental  laws  in  Ciystallo- 
graphy,  because  the  latter  is  a  mere  and  necessary  conse- 
quence of  the  former. 

Sometimes  there  occur  in  nature  apparent  exceptions 
to  this  Symmetry.  Yet  they  are  merely  accidental,  and 
arise  from  an  unequal  and  disproportionate  enlargement  of 
certain  faces  of  Crystallisation ;  and  this  sometimes  goes  so 
fiur,  as  to  cause  aome  of  these  fiu:es  entirely  to  disappear. 
Sometimes,  however,  certain  fiices  are  enlarged,  and  others 
diminished,  according  to  constant  laws,  and  then  the  sym- 
metry is  not  destroyed  altogether,  though  it  assumes  a  pe- 
culiar character,  difierent  fh>m  what  it  has  been  before. 
The  differences  thus  produced,  are  called  the  CharacUr  of 
ConMnatUms^  and  will  be  considered  afterwards  in  greater 
detaiL 

In  considering  the  combinations,  we  must  abstzact  firom 
:     jlU  camal  dev'^^ons  from  symmetry,  as  in  like  nvmner  has 
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been  done  with  certain  irnegularities  of  flimple  fonns  (§•  4A.), 
and  reduce  the  combinations  themieWee  to  their  peculiar 
symmetry. 

§.  14A.    EDGES  OF  COMBINATION. 

The  edges,  in  which  the  faces  of  two  diiFercnt 
forms  contained  in  a  combination,  meet  or  intersect 
each  other,  are  termed  Edges  qf  Combination. 

Compound  fprms  jcpntain  sometimes  a  great  many  edges 
of  combination :  in  this  case  they  are  determined  and  dis- 
tinguished from  each  other  by  attending  to  the  simple 
forms,  between  the  ihces  of  which  they  are  situate4>  or 
whose  intersections  they  represent.  What  has  been  said 
in  g.  29.  32.  of  edges  in  general,  applies  likewise  to  edges 
of  combination. 

It  sometimes  happens  that  the  edges  of  the  simple  forma 
disi^pear  entirely  in  a  compound  form,  so  that  every  edge 
jto  be  met  with  is  an  edge  of  combination. 

§.  149.    DXVELOPBMENT  OF  COMBINATIONS. 

The  developement  of  a  cpmbjinjition  consists  in 
determining,  1.  the  kind  of  all  the  simple  forms  con- 
tained in  it;  2.  their  peculiar  position  ;  and  3.  their 
relations  to  each  other. 

It  is  not  difficult  to  recognise  the  kind  of  simple  forms 
contained  in  a  combination.  For  this  purpose,  enlarge  one 
set  of  homologous  faces  which  it  contains  after  the  other, 
till  the  rest  disappear ;  and  the  kind  of  the  form  will  be- 
come evident,  from  their  number  and  disposition.  Kach 
of  these  finrms  is  obtained  at  the  same  time  in  their  peculiar 
position. 

The  determination  of  the  mutual  relations  of  the  forms 
is  in  many  cases  somewhat  more  circumstantiaL  They 
^ight  be  derived  immediately  from  their  dimensions. 
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comparing  them  with  eoch  other,  as  obtained  finom  the  ob» 
aerTatioD  of  the  angles  of  incidence  at  the  edges  of  thes^ 
simple  forms  themselves,  or  at  the  edges  of  combination : 
this  process,  however,  being  deficient  in  geometrical  preci- 
sion, cannot  lead  to  an  j  generality,  and  is  therefore  not  an 
appropriate  foundation  for  a  scientific  method  of  CiTstallo- 
graphj.  Besides,  it  would  suppose  a  great  number  of  meae 
suzements,  which,  in  establishing  geoertl  laws,  we  must 
avoid  as  much  as  possible,  because  the  crystals  themselves 
are  very  seldom  fraud  in  such  perfection,  and  under  such 
circumstances,  as  to  allow  of  anj  observations  of  this  land, 
upon  the  correctness  of  which  we  might  relj. 

The  method  of  Crystallographj  intended  for  the  use  of 
the  Natural  History  of  the  Mineral  Elngdom,  and  em- 
ployed in  the  present  work,  is  founded  solely  upon  the  si^ 
tuataon  of  those  edges,  in  which  the  feces  of  several  simple 
forms  intersect  each  other ;  that  is  to  say,  of  the  edges  of 
combination ;  and  this  method  is  therefore  independent  of 
all  measurement*  The  situation  of  those  edges  is  a  conse- 
quence of  the  relations  among  the  simple  forms,  and  it  is 
changed  as  soon  as  any  change  takes  place  in  these.  It 
wiU  be  possible,  therefore,  to  determine  the  simple  forma 
contained  in  the  combination,  provided  the  situation  at 
the  edges  affbrds  sufficient  data.  Only  if  these  be  wanting, 
it  will  be  necessary  to  resort  to  immediate  measurement. 

The  number  of  data  required  for  this  purpose,  de* 
pends  entirely  upon  the  quality  of  the  form  itself.  Thus 
a  rhombohedron  depends  upon  a  single  datum  ;  for  in  or- 
der to  determine  it  exactly,  nothing  is  required  but  to 
know  the  relative  length  of  its  axis,  or  what  place  it  occu- 
pies in  one  of  the  series  developed  above.  At  the  same 
time,  it  appears  whether  it  be  a  member  of  the  principal 
series  or  of  a  subordinate  one.  For  a  scalene  six-sided 
pyramid,  two  data  are  required,  in  order  to  determine,  first, 
the  rhombohedron  from  which  it  is  derived,  and  then  with 
what  number  the  axis  of  this  rhombohedron  must  be  mul- 
tiplied in  the  derivation.  In  general,  since  the  situation 
of  any  plane  is  perfectly  detem^ined  by  three  points  given 
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in  it,  there  is  no  poaeible  case,  in  wMch  more  than  two  data 
are  requited,  eadi  of  these  data  conabting  in  tlie  situation 
of  a  straight  line  upon  one  of  the  fines  of  that  form. 

This  method  of  determining  the  relations  of  simple 
fimns  contained  in  a  combmation.  Is  evidently  fimnded 
Upon  the  knowledge  of  the  series  produced  by  these  fbrras, 
which  have  been  explained  above :  by  these  it  acquires  a 
perfect  generality,  l^ecause  in  9vejj  stage  the  same  rela- 
tions exist  among  the  members. 

The  developement  itsdf  may  be  effected  either  ana^H' 
flsffy  or  tpn^etUaUy.  The  synthetical  method  speaks  more 
plainly  to  the  eye,  and  is  therefore  particularly  recom- 
mended tpbe^^ners.  The  analytical  method  is  more  easy, 
elegant,  and  general.  Several  examples  of  the  synthetical 
method  are  contained  in  the  course  of  this  work ;  and  since 
it  would  fiur  exceed  its  limits  to  treat  of  these  methods  at 
large,  I  shall  only  sulgoin  a  short  sketch  of  the  process  of 
the  analytical  method. 

Iiet  ABC,  A^'C,  Fig.  49.,  represent  the  fiuxs  of  two 
forms  of  the  rhombohedral  system,  for  instance,  of  two  sca- 
lene six-sided  pyramids,  whose  horizontal  projection  is  the 
same,  and  which  are  placed  in  a  parallel  position.  The 
lines  CB,  CB'  will  intersect  each  other  in  the  point  6,  and 
dx  points  situated  like  G  will  be  common  to  both  the  forms. 
The  points  G,  G  &c  are  situated  in  a  horizontal  plane,  per- 
pendicular to  the  axis  AX  in  M,  the  centre  of  the  form; 
they  are  constant  in  all  forms  of  the  rhombohedral  sys- 
tem ;  for  though  the  situation  of  the  points  C,  Cf  and 
B,  B'  may  vary,  yet  this  never  can  have  any  influence 
upon  their  intersection  in  G.  In  the  other  systems  of 
crystallisation,  the  situation  of  the  points  G,  G  &c.  Is 
not  invariable ;  but  it  may  easily  be  shewn,  that  this  si- 
tuation depends  upon  the  diagonals  of  the  bases  of  the 
forms  combined. 

The  acute  terminal  edges  AC,  A'C,  intersect  each  other 
in  the  points  G',  G^,  &c.,  which  points,  therefore,  are  likewise 
common  to  both  the  forms.  The  situation  of  these  points 
is  variable,  and  depends  upon  the  relations  of  the  axes,  be- 
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longing  to  the  combined  forms.  If  A,  or  A',  or  both  at  the 
same  time  change  their  places,  G',  G^  &G.  neoeasariljr  must 
change  theirs  likewise. 

The  straif^t  line  GG',  joining  the  poinU  G'  and  G,  is 
the  interaction  of  the  &oes  of  the  two  forms,  and  repre- 
sents, therefore,  their  edge  of  combination  (§.  142.);  it  lies, 
on  that  account,  both  in  the  plane  ABGG',  or  in  the  fiuse 
ABC  of  the  one,  and  in  the  pUme  A'B'GG^,  or  in  the  &ce 
A'B'C  of  the  other  pyramid.  Hence  it  appears  that  the 
situation  of  the  line  GG'  depends  upon  the  relations  of  the 
bases,  or  of  the  horizontal  projections,  and  upon  those  of  the 
axes ;  or  in  general,  upon  the  dimensions  of  the  combined 
fbrms  themselves. 

If  we  now  produce  the  obtuse  terminal  edges  AB  and 
A'B'  of  the  combined  pyramids,  till  thej  intersect  each 
other  in  F ;  Y  will  again  be  a  point  common  to  both  the 
forms.  Hence  it  follows,  that  F,  G  and  G'  must  be  situ* 
ated  in  one  straight  line  $  and  that  if  the  one  of  the  va- 
riable (M>int8  F  and  G'  moves,  the  other  likewise  must  be 
affected  bj  this  alteration.  This  demonstrates  the  imme- 
diate dependence  of  the  situation  of  F  upon  the  dimensions 
of  the  combined  forms. 

The  horizontal  plane  HZ  intersects  the  obtuse  terminal 
edges  of  the  pyramids  in  £  and  £'•  The  situation  of  these 
points,  or  their  distance  from  the  centre  M,  is  likewise  va- 
riable $  but  it  depends  upon  the  dimensions  of  the  combined 
forms,  exactly  as  the  rest  of  the  variable  points,  and  be- 
comes determined  for  determined  forms. 

Thus  the  length  of  the  lines  £F  or  £T  will  be  perfectly 
determined,  bcdng  a  function  of  the  above-mentioned  re- 
lations. 

The  line  £F  or  £F'  is  termed  the  lAne  of  CombUmikm. 
Its  length  can  be  measured  by  comparing  it  with  the  ter- 
minal edge,  or  with  the  diagonal,  of  which  it  is  a  part,  or 
in  which  it  lies,  if  produced  to  a  sufficient  length.  A  single 
equation  is  sufficient  for  expressing  this  line  in  the  ihom- 
bohedral  system.  Two  expressions  are  required  in  the 
pyramidal  system,  on  account  of  the  differences  arising 
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from  the  pnUlel  and  the  diagonal  poaitioa  of  the  ifonns 
themaelves,  and  of  their  horizontal  projection,  whidi  dif- 
ferencea  cannot  be  comprehended  in  a  single  fonnuUu  A 
single  equation  again  is  sufficient  in  the  prismatic  STstem, 
where  there  exists  no  such  difierenoe. 

These  equations  contain  every  possible  case  in  respect  to 
the  kind  and  the  position  of  forms  within  one  and  the  same 
system,  and  to  c^tain  difierences  in  the  edges  of  combina- 
tion, in  as  much  as  these  maj  be  produced  by  ftces  conti- 
guous either  to  the  same,  or  to  diffmot  apices ;  and  which 
again  bebng  either  to  that  side  which  maj  be  conceived  to 
be  turned  towards  the  observer,  or  to  the  opposite  side 
of  the  forms  under  consideration.  These  differences  are 
expressed  in  the  equati<Hi8  by  the  addition  of  the  ugns  + 
and  —  *  The  posability  of  thus  comprehending  every 
binary  combination  of  a  system  in  one,  or,  at  the  utmost, 
in  two  expressions,  is  at  Ihe  same  time  the  most  convincing 
proof  of  the  simplicity  and  generality  of  the  method. 

I  shall  now  shorUy  explain  tiie  use  of  the  line  of 
Combination,  in  the  developement  of  compound  forms, 
which  is  here  reduced  to  the  determination  of  the  relations 
among  the  simple  forms  contained  in  the  compound  one^ 
that  are  already  known  as  to  their  kind  and  position. 

Let  ABC,  A'B'C,  Fig.  60.,  represent  the  &ces  of  the 
same  forms  as  in  Fig.  49. ;  and  the  points  G,  O',  F  be 
identical  with  those  in  the  same  figure  which  are  marked 
by  the  same  letters.  Combine  now  a  third  form  with  these, 
whose  fnee  is  A^^C^  and  whose  dimensions  i&e  such  as 
to  have  the  points  G  and  G^  common  to  all  these  three 
fonns.  The  points  G  must  always  keep  the  same  place,  if 
we  suppose  the  horizontal  prqjection  to  be  equaL  The 
edge  of  combination  thus  produced  between  the  new  form, 
and  any  one  of  the  others,  will  evidenUy  coincidewith  that 


•  Vide  GUbertt  Annakn  der  PhytUc.  I82I.  a,  where 
these  formulae  have  been  published,  along  with  examples 
vf  their  application. 
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in  which  eke  &ce«  of  the  two  fintibnns  meet  Henoethe 
algebnic  exprtfsaion  of  the  Line  of  Comhinatioa  must  be 
exftctly  the  same  for  the  thurd  fonn  and  the  first,  or  the 
third  and  the  second,  which  is  found  when  ^imlwting  the 
Line  of  Combination  for  the  first  and  the  second  form 

■ 

among  themselves. 

After  these  preparations,  the  length  of  the  line  of  Gom- 
bination  £F  or  £F'  must  be  calculated  firom  the  known  or 
given  dimensions  of  the  two  first  fi>mis.  An  expressiaii 
will  be  obtained  for  it,  finite  or  infinite,  positive  or  ama- 
tive, in  which  every  single  quantity  is  determined. 

The  same  line  £F  or  £F'  must  also  be  calculated 
from  the  dimensions,  either  of  the  first  and  the  third,  or  of 
the  second  and  the  third  form.  An  expression  similar  to 
that  mentioned  above  will  be  found,  in  which  every  thing 
IS  known,  except  what  refers  to,  or  is  dependent  upon, 
the  dimensions  of  the  third  form,  to  ascertain  whose  re- 
lations is  the  object  of  the  inquiry.  The  two  values  of 
£F,  or  £F'  being  equal  to  each  other,  they  may  be  joined 
in  an  equation  to  be  resolved  fiur  one  of  the  unknown  quan- 
tities. 

If  this  eqiuition  contains  only  one  unknown  quantity, 
the  resolution  yields  its  value  at  once,  and  by  this  the 
perfect  determination  of  the*  third  form  is  obtained.  But 
if  there  are  two  unknown  quantities,  the  process  must  be 
repeated,  by  constructing  another  equation,  for  a  case  in 
which  the  unknown  form  which  is  to  be  determined  com- 
bines in  the  same  way  with  other  known  forms ;  the  second 
equation  is  procured  in  the  same  way  as  the  first. 

In  the  application  of  this  process,  we  may  take  advantage 
of  many  circumstances,  which  may  very  often  render  the 
second  equation  superfluous ;  this,  however,  is  so  obvious 
in  every  particular  case,  that  it  will  not  be  necessary  here 
to  enter  upon  this  subject  more  at  laige. 

§.  144.  MAGNITUDE  OF  THE  EDGES  OF  COMBINATION. 

To  a  complete  knowledge  of  a  combination  is  also 
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required  the  knowledge  of  the  angles  at  which  the 
faces  of  different  forms  intersect  each  other,  or  of 
the  edges  of  combination. 

In  every  particular  case,  the  magnitude  of  tiie  edges  •of 
combination  maj  easily  be  calculated  Arom  the  dimensions 
ot  the  simple  forms.  There  is,  however,  also  a  general  so- 
lution of  this  problem,  effected  in  every  system  by  the  same 
number  and  kind  of  equations  as  those  for  the  Line  of 
Combination.*  Those  parts  by  which  the  simple  forma 
are  deterciined,  enter  into  these  equations  as  variable  quan« 
titles,  whose  real  value  is  found  by  the  developement 
(g.  143.).  These  values  being  substituted  instead  of  the 
variable  quantities,  we  obtain  trigonometrical  functions  fbr 
the  Edge  of  Combination. 

The  application  of  these  equations  pre-supposes  the  di- 
mensions of  one  of  the  forms  to  be  known.  These  dimen- 
sions must  be  found  by  immediate  measurement,  whenever 
the  form  belongs  to  one  of  the  systems  whose  dimensions  are 
variable.  If  in  a  species  one  oi  the  forms,  for  instance,  the 
fundamental  one,  is  known  in  respect  to  its  dimensions,  no 
new  measurement  is  required  for  the  combinations  of  this 
species,  provided  the  situation  of  the  edges  contain  suffi- 
cient data  for  their  developement  Hence  it  appears  that 
we  must  endeavour  to  ascertain  the  dimensions  of  the  fun- 
damental form,  with  the  utmost  accuracy,  but  at  the  same 
time  also  that  the  measurement  of  different  forms  of  the 
same  series  may  be  useful  in  correcting  each  other.  This 
subject,  however,  will  be  treated  of  more  at  large  in  the 
Elementary  Treatise  an  CryHaUography. 

The  deagnation  of  compound  forms  must  be  Ibunded 
upon  the  relations  of  the  simple  forms  among  each  other. 
It  will  therefore  be  sufficient  to  indicate,  by  their  peculiar 
signs,  the  simple  forms,  in  order  to  express  the  combinations 


*  GUberfs  Annaktt^  L  c 


160  TERMINOLOOr.  g.  145. 

which  the/  produce.  The  aigni  of  the  simple  fonns  IbUow 
each  other  in  the  desigiiation  of  the  compound  one  in  a  cer- 
tain Older,  so  as  to  let  those  precede  which  refer  to  fonns 
whose  ihces  are  more  inclined  to  the  axis,  and  those  follow 
whose  fiboes  are  less  inclined  or  parallel  to  the  same  line. 
The  signs  of  two  different  forms  are  separated  hy  &  fiill 
stop.    The  sign  of  a  combination  of  B  and  R  4-  1  will 

therefore  be 

R.    B  +  1. 

An  example  of  the  designation  of  a  compound  fonn  con- 
taining a  greater  number  of  simple  ones  will  be  found  in 
§.148. 

From  the  preceding  observations  it  is  evident,  that  the 
designation  contains  every  thing  required  lor  calcuIatiDg 
the  combinations. 


or  THE  COMBIKATIOXS   OF    THE  DITFEREITT   SYSTEMS  OF 

CRT8TALLI8ATIOK. 

§.  14£.  RHOMBOHEDRAL  COMBINATIONS. 

A  combination  of  the  rhombohedral  system  is 
more  particularly  said  to  possess  a  Rhombohedral 
Character,  if  each  of  the  simple  forms  contained  in 
h  appears  only  in  one  position,  but  with  the  whole 
number  of  their  faces. 

Hence  a  combination  of  rhombohedrons,  nx-sided  pyra- 
mids, and  prisms,  exhibits  a  rhombohedral  character,  if  these 
forms  are  found  in  only  one  position,  and  if  those  which 
cannot  assume  any  other  position,  as  the  isosceles  six-sided 
pyramid,  and  the  six.«ided  and  the  twelve-sided  prisms, 
appear  with  the  number  of  fkces  peculiar  to  them.  In  all 
other  cases  the  combinations  receive  a  particular  denomina- 
tion, provided  the  changes  which  take  place  in  respect  to 
the  enlai)|pement  of  some  of  their  fiices,  are  not  owing  to 
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am  acctdental  irreg^ularity'  (g.  31.).  In  general,  and  sappos- 
ing,  for  the  sake  of  brevity,  coily  one  aeriea  $£  rhombo- 
hedrona,  the  hinarj  comhinations  of  thaa  aystem  are 
i.    A  +  n.       B  -f  n', 

ii.    R  +  n.      (P  +  nO"% 

iiL    R  +  n.       P  +  n', 

ir.    (P  +  n)«.  (P  +  nO°", 

▼.    (P  +  n)«.  P  +  n', 

vi.    P  +  n.       P  +  n'. 
Some  of  the  moat  common  and  remaxlcable  of  these  com- 
binationa  may  be  ahortly  noticed. 

L    R  +  n.    R  +  n'. 

1.  Let  n'  be  SB  n  +  1.  The  two  forma  axe  conaecuiive 
membera  of  the  aeriea  §.  110.,  and  as  such  in  a  transTerae 
poeition  to  each  other.  The  edges  of  combination  which  they 
produce  are  parallel  among  themaelvea,  and  at  the  same 
time  also  to  the  terminal  edges  of  the  more  acute  rhombohe- 
dron,  and  to  the  inclined  diagonals  of  the  more  obtuse  one. 
Knample^  R  —  1  (»)  and  R  (P),  or  R  (P)  and  R  +  1  (r) 
in  rhombohedral  Kouphone-spar.  Yoi  II.  Fig.  120. 
We  may  also  aigue  inversely:  when  two  rhombohe- 
drona  join  in  a  transverse  position,  and  produce  edges 
of  combination  of  the  above  mentioned  kind,  that  is  to 
aay,  parallel  to  each  other,  parallel  to  the  terminal  edges  of 
the  more  acute  rhombohedron,  and  parallel  also  to  the  in- 
clined diagonals  of  the  more  obtuse  riiombohedron,  the  re- 
lations between  the  two  forms  must  be  the  same  as  those 
between  two  consecutive  members  of  the  series  §.  110. 
This  is  a  direct  consequence  fraa  the  derivation  of  those 
forms  (g.  10&). 

S.  Let  n'  be  SB  n  ^  3  r,  where  r  may  be  any  whole 
number.  In  this  case  an  odd  number  of  members  of  the 
■atlea  §.  110.  is  wanting  between  the  two  combined  forms, 
the  forms  therefore  are  in  a  parallel  position,  and  the  edges 
of  combination  produced  are  faonzontaL  Example^  R  \p\ 
and  R  +  2  (m)  in  rhombohedral  lime-haldde.  VoL  II. 
Fig.  115.  A  similar  result  is  obtained  ttom  rhombohedrons 

VOL.  I.  L 
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1)elonging  to  different  series  (§.110),  providetl  they  are  in  a 
parallel  pwitioii.  Anj  two  rbombohedrons  m  a  parallel 
position  iniersect  each  other  in  horizontal  edges,  and  their 
dimensions  therefore  cannot  he  determined  solelj  from  a 
combination  of  this  kind. 

The  reason  why  the  edges  of  combination  here  are  ho- 
rizontal is  evident,  because  the  horizontal  projections  beii^ 
supposed  equal,  those  ftoes  of  two  rbombohedrons  in  a 
parallel  position,  which  are  contiguous  to  the  same  apex^* 
must  intersect  each  other  in  the  line  GG  (§.  143.);  and 
this  line  itself  is  horizontally  situated  in  the  upright  com- 
bination. 

3.  I^tn'bes— n,  R  4-n'theTeroresxR  — tt.  This 
form  appears  as  a  &ce  perpendicular  to  the  axis  of  the 
rhombohedron  R  4*  n  (§.  111.),  and  the  resulting  edges  of 
combination  must  evidently  be  horizontal,  whatever  value 
n  may  affect  Sxmmpkj  R  —  ed(o)  and  R  (P)  in  rhmn- 
bohedral  Alum-haloide.  VoL  II.  Fig.  111. 

4.  Let  n'  be  sa  4-  »•  Upon  this  supposition,  R  +  n' 
is  B  R  +  00,  or  a  regular  six-sided  prism,  the  Iknit  of  the  se- 
ries of  rbombohedrons  (§.  Ill .).  The  edges  of  combination 
produced  by  its  alternating  faces  with  those  of  the  upper 
apex  of  R  4*  n  are  horizontal ;  so  are  the  similarly  situat- 
ed ones  betireen  the  rest  of  its  frees  and  the  fiu»s  of  the 
rhombohedron  contiguous  to  the  lower  apex;  and  their 
situation  is  independent  of  the  dimensions  of  R  +  n  (2.). 

f  There  are  also  inclined  edges  of  combination  to  be  found 
here^  which  depend  upon  R  +  n.  If  we  consider  the  re- 
gular six-sided  prism  as  a  rhombohedron  of  an  infinite  axis 
(g.  HI.),  they  are  produced  by  the  intersection  of  those  of 
its  faces  which  are  contiguous  to  the  lower  apex,  and 
those  fiices  of  R+  n  which  are  cont^uous  to  the  upper  apex 


*  It  would  lead  us  too  fkr  to  consider  more  at  large  the 
intersections  of  faces  contiguous  to  opposite  apices,  and 
the  edges  of  combination  which  they  produce.  A  few  ex- 
amples contained  in  the  subsequent  |)art  of  the  woH^,  will 
shew  their  application. 
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of  the  oembination,  and  vice  vena.  Ex,  R  (P)  and  R  4-  oo  (c) 
in  rhombohedral  Lime-haloide.  VoL  II.  Fig.  114.  The  co- 
sine of  the  angle  at  the  horizontal  edge,  is  equal  to  double 
the  coaine  of  the  angle  at  the  inclined  edge  of  combination. 
From  the  horizontal  edges  of  combination  between  a  rhom« 
bohedron  and  a  regular  six-aided  prism,  we  may  infer  that 
the  hitter  is  It  +  »  and  not  P  +  oo  (§.  1 1&).  The  demon, 
stnition  of  Uiis  depends  upon  §.111. 

iL    R  -»•  n.    (P  +  nO"'. 

1.  Let  n'  be  as  n.  Upon  tUs  supposition  the  forms  be* 
come  co-ordinate  (g.  112.).  The  edges  of  combination 
which  they  produce  are  parallel  to  the  edges  of  the  rhom- 
bohedron,  and  to  the  lateral  edges  of  the  pyramid,  whatefver 
be  the  value  of  m'.  The  figure  of  the  ftces  of  the  rhom- 
bohedron  remains  a  rhomb,  and  they  appear  contiguous  to,  or 
in  the  place  of  the  apices  of  the  pyramid.  Ex,  R  {P)  and 
(P)'  (r),  or  R  (P)  and  (P)»  (y)  in  rhombohedral  Lime-ha- 
loide. YoL  II.  fig.  116.  From  the  rhombic  figure  of  the 
fiues,  which  is  a  consequence  of  the  situation  of  the  edges 
of  combination,  follow  the  relations  of  the  combined  forms, 
as  is  immediately  evident  from  the  derivation  (§.  112.). 

2.  Let  n  or  h'  be  a  — .  eo.  One  of  the  forms  becomes 
«t  R  —  OB,  and  the  edges  of  combination  are  horizontal 

(La.> 

3.  Letnbea+Qo;  R  +  n  therefore  »  R  +  eo.  The 
figure  which  the  faces  of  this  prism  assume  in  the  combi- 
nation with  a  pyramid,  is  that  of  an  irregular  tetragon, 
which  may  be  ^vided  by  a  horizontal  line  into  two  isosceles 
triangles.  The  relative  heights  of  these  triangles  are  to 
each  other  in  the  ratio  of  m'  —  1  x  m'  +  1.  The  more  ob- 
tuse  triangle  is  produced  by  the  intersection  of  the  fiices  of 
R  +  »  with  the  upper  fiices  of  (P  +  n^^,  while  the  more 
acute  one  results  firom  the  intersection  of  the  same  fiices  of 
R  +  00  with  the  lower  ones  of  (P  +  nO^.  £'j?.  R  +  «  (c) 
and  (P)*  (ji)  in  rhombohedral  Lime-haldde.  YoL  II. 
Fig.  116.  The  figure  of  the  &ces  of  the  regular  six-sided 
prism  c  at  once  indicates  it  to  be  R  +  os,  and  not  P  4-  oo. 
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4.  Let  n'  be  s  n  -*.  1,  and  m'  aa  3.  The  couMnstion 
isssR  +  n.  (P  +  n  —  1)*.  Under  theee  ciicumsUncesy 
the  fimns  tre  in  a  tfuwvene  position,  because  R  +  n  ..  1, 
the  rhombohedron  from  which  the  pyramid  is  derived,  is 
itself  in  a  transverse  position  towanls  R  +  n.  The  &ces 
of  R  +  n  have  the  situation  of  the  more  acute  terminal 
edges  of  the  pyramid ;  and  the  edges  of  combination  are  pa- 
rallel to  each  other,  to  the  above  mentioned  acute  terminal 
edges,  and  to  the  inclined  diagonals  of  the  rhombdiedron 
£x.  R  —  1  (z)  and  (P  —  2)«  (<)  in  rhombohedral  Ruby, 
blende.  ToL  II.  Fig.  ISO.  Inversely  from  the  aitiiatian 
of  the  edges,  in  which  the  fiices  of  the  two  forms  meet  in 
the  given  position,  we  may  infer  the  above  mentioned  re- 
lation to  exist  between  the  two  combined  forms. 

In  order  to  demonstrate  this,  let  ABXC,  Fig*  47*,  be 
the  principal  section  of  the  rhombohedron,  from  whidi  the 
pyrunid  is  derived,  AX  its  axis,  and  M9L  half  the  axis  of 
the  pyramid :  3C  becomes  its  acute  terminal  edge,  and  at 
the  same  time  the  inclined  diagonal  of  the  rhombohe- 
dron, whose  plane  touches  the  pyramid  in  this  termi- 
nal edge,  if  the  horizontal  projections  of  the  two  fbrms  are 
eqnaL  Let  now  a  as  AX,  be  the  axis  of  that  rhombohe- 
dron, from  which  the  pyramid  is  derived ;  and  a'  the  axis 
of  the  rhombohedron  sought  $.  it  follows  in  respect  to^e 
pyramid,  that 

ap-ii?lni.a, 

6 

in  respect  to  the  rhombohedron,  that 

aP- i.a'$ 

and  on  account  of  the  equality  of  both  expressionsy  that 

3  m'  —  1  .    , 

Zlz t,  a  ts  |.  a', 

4 

and  a  tafi 1.^.^^.  a'. 

Sm'^l 

If  now  we  suppose  m'  «  3, 

a  becomes  «b  4.  a',  or  a' s  ^  a. 
and  n'  BB  n  -»  1. 

But,  let  m'  be  a  2 ;  the  resulty  obtained  in  the  same 
wav,  will  be 
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a  SB  |.  a',  or  a'  S3  |.  a  M  }.  2^.  a ; 
and  R  +  n  3B I  It  +  n',  or  that  member  of  the  first  8ubor« 
dinate  series,  which  belongs  t<4  R  +  n^ 

Let  now  m'  be  sa  5 ;  we  find  that 

a  »  f.  a',  or  a^  SB  {.  a  a  |.  2^  a, 
and  R  +  n  SB  I  R  +  n'  +  1»  or  that  member  of  the  second 
subordinate  series,  which  belongs  to  R  +  n'  +  1. 

Each  of  the  two  co-efficients,  {  and  that  immediate! j  fol- 
lowing },  determines  a  particular  subordinate  series,  which 
may  be  distinguished  by  tlie  name  oiihefirtt  and  the seamtL 
In  itself  it  is  quite  arbitrary  which  of  their  members  are 
considered  to  be  in  the  nearest  relation  to  members  of  the 
prindpai  series.  But  it  is  very  useful  to  fix  upon  a  cer- 
tain member,  and  this  has  been  done  here  by  supposing, 
that,  when  the  axis  of  R  +  n  of  the  prindpai  series  is  a  2".  a, 
that  of  R  +  n  of  the  first  subordinate  series  is  |.  2».  a, 
and  that  of  R  +  n  of  the  second  subordinate  series  |.  2".  a. 
Members  of  these  dimensions  are  said  to  belong  together, 
or  to  be  co-ordinate  (§.  116.). 

&  Let  n'  be  ss  n  ^  2  and  m'  a  6.  The  sign  of  the 
combination  will  be  R  +  n.  (P  +  n  —  2}'.  Under  these 
divumstances,  the  forms  are  in  a  parallel  position.  The 
fiu;es  of  the  rhombohedron  appear  in  the  pkce  of  the  more 
obtuse  terminal  edges  of  the  pyramid.  The  edges  of  combi- 
nation are  parallel  with  each  other,  with  the  above  mentioned 
terminal  edges  of  the  pyramid,  and  with  the  inclined  dia- 
gonals of  the  rhombohedron.  Ex,  R  +  2  (m)  and  (P)*  (y) 
in  rhombohedral  Lime-baloide.  Vol.  II.  Fig.  116.  We 
may  infer  inversely  firom  this  rituation  of  the  edges,  that 
the  above  mentioned  relations  really  take  place. 

For,  making  again  use  of  Fig.  41  ^^HB  will  represent  the 
obtuse  terminal  edge  of  the  pyramid,  but  at  the  same 
time  also  the  inclined  diagonal  of  that  rhombohedron, 
whose  fiu:es  touch  the  more  obtuse  terminal  edges  of  the 
pjrramid,  their  horizontal  prqjections  always  being  suppos. 
ed  equaL    Hence,  for  the  pynmid,  we  have 

6 
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for  the  rhombahedron 

aQ»|.  a'; 

therefore 

?^l±i.a  -  |.a',  and  a  » 1 a*. 

6  3  Bi'  +  1 

If  now  we  suppose  m'  a  5, 

a  becomes  a  4.  a',  or  a' «» 4.  «« 

and  n'  s=  n  —  2. 

If  here  we  suppose  m' »  3,  we  find 

a—  f.  a';  a'«.  {.as  f.S'.  a, 

and  R  +  n  s>  {  B  4-  n'  +  1,  the  member  of  the  first  sub- 

ordmate  series  belonging  to  R  -f  n'  +  1. 

For  m'  B.  2,  follows 

a  m  f.  a'  or  a'  m  }.  a  a  }.  7*.  a, 
and  B  +  n  s  }  R  +  n',  that  member  of  the  second  sub- 
ordmate  series,  which  belongs  to  R  -f  n^ 

8.  Let  n'  be  s  n  —  8,  m'  as  3.  The  combination  is 
R  +  u.  (P  +  n  — 2)'.  Theformsare  in  a  parallel  position ; 
the  more  acute  terminal  edges  of  the  pyramid  coincide  with 
the  terminal  edges  of  the  rhombohedron,  and  the  edges 
of  combination  are  parallel  as  well  among  themselyes  as 
also  with  both  the  mentioned  terminal  edges.  £x.  R  (P) 
and  (P  —  2)*  (t)  in  rhombohedral  Rubj-blende.  VoL  II. 
Fig.  126.  From  this  situation  and  position  we  maj  in- 
Tersely  conclude,  that  the  given  relations  really  take  place 
among  the  forms. 

For  let  SC  be  the  more  acute  terminal  edge  of  the  pyra- 
mid, in  which  the  terminal  edge  of  the  rhombohedron  is 
situated.    We  shall  have  for  the  pyramid 

aPalH!l-=i.a; 
6 

for  the  rhombohedron 

aP  -:  4.  a', 

and  therefore         IJULzz}.  a  «  4.  a'. 

6 
Now  m'  being  »  3,  we  obtain 

a  oa  4.  a',  or  a'  s  4.  a  ss  2*.  a, 

and  R  +  n  a.  R  +  n'  +  2. 

If  m'  is  supposed  «  2y  we  find 
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a  »  {.  a',  or  a'  SB  (.  a  8  |.  2>.  a 
aiidR4-ns}&4-n'+l. 

The  Dumber  6  substiluted  for  m',  gives 

a  a  f  a',  or  a'  a  7-  a  a  |.  2*.  a, 
and  It4-n«|U  +  n'4-2- 

7*  Let  n'beain  —  3,m^ca  ^  The  oombination  is 
It  +  ii«  (P  +  n  •—  3)'.  The  fonns  are  ia  a  transrene  posi- 
tion. The  more  obtuse  terminal  edges  of  the  pyraaud  are 
parallel  to  the  terminal  edges  of  the  rhombohedroo,  and  at 
the  same  time  also  to  the  edges  of  combination  arising  finom 
the  interseetion  of  their  fiu:es. 

Suppose  the  horizontal  projections  of  the  ibrms  to  be  the 
same ;  the  terminal  edge  of  the  rhombohedron  will  lie  in 
the  more  obtuse  terminal  edge  of  the  pyramid.  Hence 
for  the  pyramid  we  haye 

6 
for  the  rhombohedron 

aQ=i.a', 

and  consequently  _..  a  s  4.  a'. 

For  m'  as  5  this  ezpression  gives 

a  Bs  |.  a',  or  a'  =c  8.  a  s  2*.  a, 
and  U  +  n  a  R  +  n'  +  3 ; 
for  m'  ax  3, 

as  |.  a',  or  a'  ss  5.  a  B  {.  2*.  a, 
and  R  +  ns>|]l  +  n'  +  2; 
for  m'  s  2, 

a  =>  f.  a',  or  a'  =  }.  a  »  J.  2*.  a« 
and  R  4-  n  8  I  R  +  n'  +  1. 

liL  R  +  n.  P  +  n'. 
1.  For  n'  B  n,  the  combination  is  R  +  n.  P  +  n.  The 
forms  are  co-ordinate,  and  the  fiures  of  the  pjiamid  appear 
in  pairs  in  the  place  of  the  terminal  edges  of  the  rhombo- 
hedron. The  edges  of  combination  are  panllel  to  these, 
to  the  alternating  terminal  edges  of  the  pyramid,  and 
among  each  other.    In  a  combioation,  which,  besides  these 
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two  forms,  coDttins  P  +  os  (4.),  the  faces  of  the  rhombohe- 
dron  retain  their  rhombic  figure ;  and  this  may  be  con- 
sidered as  a  proof  of  the  existence  of  the  above  mentioned 
relations.  This,  however,  follows  immediately  from  the 
derivation  (§.  1170-  ^'*  ^  (0  and  ^  (^»  «)  in  rhombohe- 
dnl  Quarts.  YoL  II.  Fig.  145. 

3.  JLet  n'  be  cs  n  -^  1.  The  combination  is  R  +  n. 
P  +  n  +  1*  The  fiices  of  the  rhombobedron  appear  instead 
of  the  alternating  terminal  edges  of  the  pyramid,  and  the 
edges  of  combination  are  parallel  to  each  other,  to  the  al- 
ternating terminal  edges  of  the  pyramid,  and  to  the  inclined 
diagonals  of  the  riiomhohedron.  JBir.  R  (P)  and  F  +  1  (r) 
in  rhombohedral  Corundum.  VoL  II.  Fig.  121.  From 
this  paraMeliam  again  follows  the  equal  inclination  upon 
the  axis  of  the  alternating  terminal  edges  in  the  pyramid, 
and  of  the  diagonals  in  the  rhombobedron,  and  firom  this 
the  relations  existing  among  the  axes  of  the  two  forms. 

3.  n  or  n'  =s  —  eo  produces  horijsontal  edges  of  combina- 
tion (L  3.). 

4.  Let  n^  be  a  +  ee ,  the  combination  R  +  n.  P  +  od. 
The  regular  six-sided  prism  P  +  eo  is  the  limit  of  the 
series  of  isosceles  six-sided  pyramids  (§.!!&),  and  its  faces 
appear  with  parallel  edges  of  combinatiott  in  the  place  of  the 
lateral  edges  of  R  +  n,  or  the  ftces  of  the  rhombobedron 
terminate  the  r^^lar  six^ded  prism,  their  figure  being  that 
of  a  rhomb.  £x\  R  +  1  (r)  and  P  -h  »  («)  i>^  rhombohe- 
dral Emendd-malachite.  Vol  II.  Fig.  118.  This  rhombic 
tgare  of  the  faces,  or  the  situation  of  the  edges  in  general, 
affords  the  means  of  distinguishing  a  combination  of  R  4-  n 
and  P  +  eo  firom  a  combination  of  R  +  n  and  R  +  eo 
(L  4.).  The  difference  depends  upon  the  position  of  P  +  oo 
in  respect  to  R  +  n,  and  P  +  n  (§.  118.). 

6.  Let  n  be  SB  -h  00 .  The  combination  is  R  +  n.  P  +  n'. 
The  faces  of  R  +  eo  appear  as  rhombs  in  place  of  the  late- 
nd  angles  of  P  -f  n'.  This  figure  by  itself  is  a  sufficient 
character  for  diatingniipitittg  the  prism  R  +  eo  in  Ibis  com- 
bination from  P  +  CO. 

'6*  Jif  a  md  tk*  »t  the  suie  time  are  »  +  «9  (he  comi 
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bination  therefore  R  +  o».  P  +  eo ;  the  result  is  an  equian- 
gular, and  if  the  &ce8  are  of  equal  extent,  it  is  a  regular 
twelve-mded  priam ;  because  the  faces  of  one  of  the  six- 
sided  prisms  appear  under  equal  inclinations  in  the  place  of 
the  edges  of  the  other  prism,  their  edges  of  combination  being 
parallel  to  each  other  and  to  the  axis.  £x»  It  +  s»  («)  and 
P  +  00  {M)  in  rfaombohednd  FluorJialoide.  YoL  II.  Fig.  149. 
Hence  the  twelve-aided  prism  is  a  compound  form,  and  not 
a  simple  one^  AIS9  this  combination  depends  upon  the  dil^ 
lerent  situations  of  the  two  prisma. 

iv.  (P  +  n>».  (P  +  nO™'. 

1.  Let  n'  be  8BB  n.  The  combination  is  (P  +  n)". 
(P  +  n)F' ;  the  forms  will  be  co-ordinate  scalene  six-sided 
pyramids.  The  faces  of  the  more  acute  pyramid  are  situ- 
ated in  the  place  of  the  lateral  edges  of  the  more  obtuse 
one.  The  edges  of  combination  are  parallel  to  each  other  and 
to  the  lateral  edges  of  both  the  pyramids.  Ex.  (P)*  (r)  and 
(P)*  (y)  in  rhombohedral  Lime-haloide.  YoL  IL  Fig.  116. 
If,  on  the  contrary,  the  edges  assume  the  mentioned  po- 
sition, we  may  infer  that  n  is  s  n',  which  is  exactly  what 
follows  from  their  derivation. 

2.  L^  m^  be  «s  m,  the  combination  will  be  (P  -f  n)">. 
(P  +  n')'".  Suppose  at  the  same  time  the  forms  to  be  in  a 
parallel  position,  or  n'  ss  n  +  2  r  (L  2.).  Under  these  cir- 
cumstances, the  edges  of  combination  which  they  produce 
become  hoiieontaL  For  the  transverse  section  of  one  of 
these  pyramids  is  similar  to  the  transverse  section  of  the 
other  (§.  113.),  and  therefore  a  plane  passing  through 
those  edges  in  which  the  ^oes  of  the  two  forms  meet,  will 
be  perpendioflar  to  their  axis.  Ex.  (P  —  2)*  (0  and  (P)>  (r) 
m  rhombohedral  Xime-haloide.  YoL  II.  Fig.  129.  This 
atuation  of  the  edges  cannot  take  place,  if  the  scalene  six- 
sided  pyramids  are  in  a  transverse  position.  From  such  ho- 
rizontal edges,  therefore,  we  infer  not  only  the  parallel 
poeitSon  of  the  two  forms,  but  also  that  they  are  derived 
according  to  the  same  m,  or  that  m^  is  ss  m. 

9t  The  horizontal  situation  of  those  ed^i  is  not  altered, 
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if  n  or  n'  should  become  infinite  and  i^egative,  whatever 
maj  be  the  value  of  m  and  m'. 

4.  But  let  m'  be  a  m,  and  n'  or  n  a  -f  es :  the  combi- 
nation therefore  (?  +  «)■«.(?+  n*)*  or  (P  +  n)-. 
(P  +  00  )^  •  The  edges  of  combination  between  those  ftces 
of  the  two  forms,  which  are  contiguous  to  the  same  apex, 
must  here  likewise  be  horizontal,  because  the  unequiangu- 
lar  twelve«ided  {Hism  is  the  limit  of  the  series  of  pjnunids, 
and  as  such  contains  an  identical  transverse  section  (§.  lift.). 

Ex.  (P)^  (»)  and  (P  +  oo)^  (c)  in  rhombohednl  Fluor-ha- 
loide.  ToL  II.  Fig.  148.  The  intersections  of  the  ftces  from 
two  difierent  apices,  however,  assume  an  inclined  situation, 
dependent  upon  the  dimensions  of  the  simple  fimns  (L  4.). 
The  inferences  drawn  in  2.  extend  also  to  Uie  present  case. 

A.  In  the  series  of  scalene  six-sided  pyramids, 
...  (P  +  n)»,  (P  +  n  +  !)•,  (P  -»-  n  +  2)»,  (P  +  n  +  I)»... 
the  law  of  progression  is  evident.  Instead  of  n  anj  whole 
number,  positive  or  negative^  may  be  substituted,  and  the 
series  arbitrarily  continued  on  either  side.  If  now  from 
the  above  mentioned  series  we  select  a  combination  of  any 
two  subsequent  members,  as  (P  -f  n)*  and  (P  +  n  -f  1)*, 
or  (P  +  u  +  1)*  and  (P  +  n  +  8)*,  &C.;  the  obtuse  ter- 
minal edges  of  every  more  obtuse  pynunid  appear  in  the 
place  of  the  acute  terminal  edges  of  the  more  acute  mem- 
ber, the  edges  of  combination  being  parallel  to  each 
other,  and  to  the  mentioned  terminal  edges  of  the  two  py- 
ramids. Examples  occur  in  rhombohedral  Lime-haloide, 
between  (P)»  (r)  and  (P  +  1)*  (r),  &c 

The  situation  of  the  edges  is  a  consequence  of  the  trans- 
verse position  of  every  two  subsequent  members  of  the 
above  mentioned  series,  and  of  its  peculiar  property,  that 
the  more  obtuse  terminal  edge  of  every  lower  member  is 
inclined  to  the  axis  at  the  same  angle  as  the  more  acute 
one  of  the  hi^er  member.    We  have  in  Fig.  47* 

sin.  aBQ  - (8m-H)2-.a 

V  [(3  m  +  1)».  2*«.  a»  +  86]' 
sin.  aCP  «  (3  m^- 1)2"^.  a 

V  1(3  m'  —  1)«.  2»n\  a«  +  3<fJ 
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If  in  the  faypothesU  of  (P  +  n)».  (P  +  n  +  1)»,  we  sub- 
fltitute  in  sin.  IIBQ  the  number  5  instead  of  m,  and  in 
sin.  aCP  the  expression  n  +  1  for  n',  and  3  finr  m';  we 
obtain 

16.  2".  a 


sin.  aBQ  ss 

sin.  acp  s 


V(10«.  2«».  a«  +36)  • 
8.  2.  2 '.  a 


V(8*-4.2*».a«+36)' 
two  values  which  are  equaL 

If  the  above  mentioned  relations  take  place  among  the 
consecutive  members  of  the  series,  the  parallelism  of  the 
edges  of  combination  always  must  follow.  But  these  re- 
lations are  not  a  necessary  consequence  of  that  parallelism^ 
and  many  pyramids  resUy  enst  and  produce  in  their  regular 
positions,  parallel  edges  of  this  kind ;  and  yet  Uiey  are  not 
derived  from  ihombohedrons  of  the  same  series  at  all,  or  ac* 
cording  to  other  values  of  m,  than  those  of  2, 3,  and  5.  This  is 
the  casern  the  combinations  of  (P— 1)«  (a)and(|  P_l)«  (&) 
in  rhombohedral  Ruby-blende^  VoL  II.  Fig.  126.  In  the 
above  mentioned  series,  one  datum  has  been  assumed, 
upon  which  the  rest  is  dependent.  If  this  be  changed,  the 
consequences  also  must  be  altered,  without,  however,  in 
the  least  ailecting  the  parallelism  of  the  edges  of  combi- 
nation. Supposing  the  pyiamids  to  be  derived  from  the 
memben  of  the  principal  series,  we  may  azgue  with  per- 
fect security,  from  the  parallplism  of  the  edges  to  the  va- 
lues of  m,  and  determine  the  one  whenever  we  know  the 
other,  llestrictions  of  this  kind  frequently  occur  in  general 
solutions  of  crystaUographic  problems. 

V.  (P  +  n)».  P  +  n'. 
1.  Let  m  be  a  5,  n'  s  n  +  3.  We  have  the  combina- 
tion (P  +  n)A.  P  +  n  +  3.  The  fiuses  of  the  scalene  pyxa. 
mid  meeting  in  its  obtuse  terminal  edges,  appear  in  the 
place  of  the  alternating  terminid  edges  of  the  isosceles  one. 
The  edges  of  combination  are  parallel  to  each  other,  and  to 
the  above  mentioned  terminal  edges  of  the  two  forms.  For 
on  these  suppositions  the  inclination  of  the  terminal  edges  of 
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the  iflosceles  pynmid  to  the  axis,  is  equal  to  feheindination 
of  the  more  obtuse  terminal  edges  of  the  scalene  p/zamid 
to  that  line.    For  the  latter  we  have  (iv.  5.) 

sin.  aBQ (3m-H)2-,a 

V  [(3  m  +  1)«.  2»«.  a«  +  36}* 
and  for  the  former 

am.  SIBQ  s , 

V(m'*.2*».  a*  +4)* 

two  values  which  become  equal,  if  in  that  for  the  scalene 

pyramid  we  substitute  6  instead  of  m,  and  in  that  for  the 

isosceles  pyramid  the  ezpressioosy  }  instead  of  m,  and 

n  +  3  instead  of  n'.    Examples  occur  in  (P  -»  S)*  and 

P  +  1  (ft)  of  rhombohedral' Iron-ore. 

2.  Let  m  be  s  3,  n'  «  n  +  2 ;  the  oomhinatiim  will  be 
(P  +  n)*.  P  +  n  +  3.  In  this  case,  simikr  to  the  pre- 
ceding, the  faces  of  the  isosceles  pyramid  appear  in  the 
place  of  the  more  acute  terminal  edges  of  the  scalene  one; 
.the  edges  ofoombination  being  paraUel  among  each  other, 
and  to  the  above  mentioned  terminal  edges,  £rom  the  same 
reason  as  in  1.,  because  the  inclinations  of  the  terminal 
edges  to  the  axis  are  equal  in  these  two  pyramids.  This 
may  be  shewn  by  effecting  the  necessazy  substitutions  in 
the  values  of  sin.  SLOP,  which  here  takes  the  place  of 
Bin.aBQ. 

8.  For norn'ae  —  o»alltfae edges  of  combinfttion  be- 
come horizontal  (1.  3.). 

4.Letn'  be  ai  +  •.  The  combination  isfP  +  n>^  P  +  oo. 
The  edges  of  combination  are  parallel  to  the  lateral  edges 
of  the  pyramids.  Ex.  (P)*  (A)  and  P  +  oe  (i»)  in  rhombo- 
hedral Ruby-blende.  Vol.  II.  Fig.  126.  The  situation  of 
the  edges  distinguidies  P  +  co  from  B  +  oe  in  iL  3. 

vi.    P  +  n.  P  -f"  n'. 
1.  The  edges  of  combination  are  always  horusontal,  what- 
ever may  be  the  vidue  of  n  or  n',  even  though  this  be  +  » 
or  —  ee.     fjp.  P  -»•  i  (r)  and  P  +  2  (h)  in  riiombohedna 
ConrnduoC  YoL  II.  Fig.  122. 
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§.  146.   BI-BHOMBOHEDEAL  COMBIKATION8. 

A  combination  of  the  rhombdiedral  system  is 
said  to  possess  a  Durhofnbohedral  Character ^  if  one 
or  more  of  the  simple  forms  contained  in  .it  appear 
at  once  in  both  their  positions  (§.  10&)« 

The  rhombohedrons  and  the  scalene  six-sided  pyramids 
are  the  onlv  forms  of  this  system  which  may  assume  two 
different  positions  ;  for  if  the  position  of  the  other  forms  is 
supposed  to  change,  their  fiices  resume  the  situation  they 
had  before,  or,  properly  speaking,  another  fiice  exactly 
takes  the  place  of  that  which  just  has  been  removed  from  it. 

1.  Suppose,  therefore,  in  §.  145.  L,  n'  to  be  =a  n,  or  the 
combination,  R  +  n.  —  R  -h  n.  The  sign  —  indicates,  that 
the  two  rhombohedrons  are  in  a  transverse  position  to  each 
other.  The  combination  assumes  the  aspect  of  an  isosceles 
nx-sided  pyramid  (§.  35.),  which  is  a  simple  form,  and  the 
edges  of  combination  are  parallel  to  those  lines,  which,  in 
the  &ce8  of  the  single  rhombohedrons,  join  the  apices  with 
the  centres  t)f  the  lateral  edges.  This  form  is  now  deeig* 
nated  by  the  name  of  a  DUrhombohedronj  and  its  crystallo* 
graphic  sign  is  either  as  above  R  +  Or  —  R  +  n,  or  it  is 
2  (R  +  n)u  The  difference  of  this  form  from  the  isosceles 
six-sided  pyramids  consists  in  the  position,  and  in  the  rela- 
tions existing  between  their  axes  and  horizontal  project 
tions.  From  the  di-rhombohedrons  the  combinations  are 
denominated,  in  which  these  forms  occur. 

liet  the  terminal  edge  of  the  rhombohedronbe  b  x,  that 
of  the  di-rhombohedron  »  C,  being  the  edge  of  combimu 
tion ;  we  obtain  the  fbrmulse 

cos.  x  ss  3  cos.  C  +  2, 

COS.  C  -  ???l£rJ"; 
3 

which  are  usefiil  for  finding  the  dimensions  of  any  dx-riiom- 

bohedron  ftt>m  those  of  its  rhombohedron,  and  vice  versa. 

In  §.  14ft.  lii.  1.,  the  fiices  of  the  isosceles  six-dded  py« 
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ramids  are  'transformed  into  rhombs,  if,  instead  of  U  +  n, 
2  (R  +  n)  enters  into  the  combination. 

2.  If  in  §.  145.  iv.,  n'  is  made  ss  n,  and  m'  ss  m,  the 
combination  is  (P  +  n)«.  — (P  +  n)»;  the  forms  are  consi. 
dered  here  in  two  different  positions.  The  combination  as- 
sumes the  aspect  of  a  tcalene  ttodve-stded  PyravUd^  Fig.  61. ; 
the  edges  of  combination  are  parallel  to  lines  which,  in  the 
aimple  pjxamids,  join  the  apices  ¥rith  the  centres  of  the  la- 
teral edges.  A  form  of  this  kind  receives  the  name  of  a 
DUpyramid,  and  is  designated  bj  (P  -(-  n)*".  —  (P  +  n)"  or 
by  2  ((P  +  n)<n).  The  di-pjramids  form  part  of  the  di- 
rhombohedral  forms,  and  combinations,  whidi  contain  them, 
are  likewise  considered  as  di-rhombohedroL 

Bi-rhombohedral  combinations  occur  in  xhombohedral 
Emerald.  VoL  II  Fig.  150. 

§.  147.  HEMI-BHOMBOUBOEAL  AND  HEHI-DI-RHOH- 
BOHEDRAL  COMBINATIONS. 

A  combination  of  the  rhombohedral  system  is  said 
to  be  Itemi^hombohedralj  if  only  Tialf  the  number 
of  the  faces  appear  of  some  of  the  simple  forms 
which  it  contains.  The  combination  is  termed  he^ 
TfA-di^rhombohedral^  if  one  or  several  of  the  durhom^ 
hclhedrai  forms  constituting  it,  enter  with  only  half 
the  number  of  their  faces  into  the  combination. 

It  has  already  been  observed  (§.  141.),  that  such  comU- 
nations  are  perfectly  symmetrical :  hence  appearances  of 
this  kind  are  by  no  means  in  opposition  to  the  symmetry  of 
the  combinations. 

The  rhombohedron  itself  cannot  assume  a  hemi-rhombo- 
hedral  appearance  in  the  same  way  as  other  forms  of  this 
system,  because  three  faces  cannot  be  distributed  symme- 
trically on  two  different  apices. 

If  in  a  scalene  six-sided  pyramid  we  enlarge  the  alternat- 
ing fiices  contiguous  to  one  of  the  apices,  the  S3rmmetry 
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will  require  us  ilso  to  enlarge  three  altematiiig  fiicea  on  the 
opposite  side ;  but  the  enlarged  faces  may  be  either  those 
which  are  parallel  to  the  former,  or  those  which  are  not 
parallel  to  them. 

The  first  process  produces  a  form  exactly  similar  to  a 
ibombohedron,  if  considered  as  a  geometrical  solid,  which 
nevertheless  cannot  be  considered  as  a  rhomhohedron  in 
Cz78tallog^phj[,  because  in  a  compound  form  its  hces  can 
never  assume  the  position  of  the  faces  of  a  rfaombohedron. 
A  combination  in  which  one  or  several  such  forms  appear, 
is  more  particularly  designated  by  the  expression  of  a  hemi- 
rhombohedral  form  of  parallel  fieet.  In  a  combination  of 
this  kind,  particular  attention  must  be  given  to  the  situa- 
tion of  the  facea,  in  as  much  as  two  such  forms  similar  to 
a  rhombohedron  arise  firom  the  resolution  of  a  single  pyra- 
mid, whose  fiices  are  situated  either  to  the  right  or  to  the 
left  of  a  &ce  of  the  fundamental  form,  or  of  any  other 
complete  form  contained  in  the  combination. 

The  second  process  yields  two  forms,  contained  under 
irregular  trapezoidal  faces,  which  on  that  account  are  called 
i/iree^nded  TrapcMhedrtmt,  They  are  eqiud  and  similar,  but 
distinguished  from  each  other  hy  the  character  of  being 
twisted  as  it  were,  to  the  Right  or  to  the  Left  (§.  07.  4.). 
Fig.  63.  represents  a  Bight  Trapezohedron,  which  is  pro- 
duced by  the  enlargement  of  the  fiices,  a,  a,  &c  F^.  1 1,  while 
Fig.  54.  shews  a  Left  one,  which  is  contained  under  the 
laces  5,  ft,  &c.  of  the  same  pyramid.  A  combination  partly 
or  entirely  consisting  of  such  forms,  is  termed  a  hemi- 
rhombohedral  one  of  inclined  faccM.  The  contorted  aspect  of 
the  trapezohedrons  extends  likewise  to  these  combinations. 

The  same  process  implied  to  the  isosceles  six-sided  pyra- 
mid, gives  in  the  first  case,  or  by  means  of  the  enlargement 
of  parallel  fiu^s,  forms  likewise  similar  to  a  rhombdhedron, 
which  yet,  for  the  reasons  mentioned  above,  cannot  be  con« 
sidered  as  rhombohedrons.  If,  however,  we  enlaige  those 
fiices,  which  are  not  parallel,  the  result  is  an  uo*cele»  ihree^ 
tided  Pyramid^  Fig.  52.  The  fiices  of  those  rhombohedron- 
like  forms,  as  well  as  those  of  the  three-sideil  pyramids. 
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keep  the  mtuation  of  those  of  the  isosceles  six-«aided  pjnu 
mid,  from  which  they  are  derived,  and  appear  as  such  in 
the  combinations ;  and  this  is  the  character  by  which  thej 
may  be  recognised.  The  combinations  themselves  leceiye 
the  same  denominations  as  above. 

The  regular  six-sided  prism  P  +  «  may  assume  a  hemi- 
rhombohedial  aspect,  like  a  finite  isosceles  six-sided  pyra- 
mid.  In  this  case  its  fkces  must  be  symmetrically  distri- 
buted in  the  combination,  like  those  of  an  equilateral  three- 
sided  prism  in  a  position  which  is  characteristic  and  pecu- 
liar to  it. 

If  the  unequiangular  twelve-nded  prism  enters  a  hemi- 
rhombohedral  combination,  its  fiu*es  likewise  must  be  sym- 
metrically distributed,  which  comprises  two  cases.  By  en- 
larging the  alternating  faces,  it  will  appear  either  as  a  reguhr 
six-sided  prism,  different  iVom  R  +  oo  and  P  +  oo  by  its 
position;  or  by  enlarging  the  alternating  pairs  of  faces,  it  as- 
sumes the  aspect  of  a  six-sided  prism,  whose  alternating 
angles  only  are  equaL 

The  rfaombohedron  itself  may  produce  a  hemi-dl-rhombo- 
hedral  combination,  but  only  one  of  inclined  fiices,  because 
if  the  parallel  faces  of  the  di-rhombohedron  are  enlatged, 
the  rhombohedron  will  be  reproduced,  and  the  combina- 
tion itself  will  be  simply  rhombohedral  (§.  14&).  The  re- 
sult is  an  isosceles  three-sided  pyramid,  differing  both  in 
position  and  dimensions,  from  that  which  may  be  obtained 
from  the  isosceles  six-sided  pyramid.  In  the  same  way 
the  di-pyramid  (§.  146.)  also  enters  into  a  hemi-di-rhom- 
bohedral  combination,  although  its  halves  and  fourths  may 
appear  both  as  forms  of  inclined  ftoes,  and  as  forms  of  pa« 
laHel  faces.  For  if  we  enlarge  the  alternate  fiicee  conti- 
guous to  the  upper  apex  of  the  di-pyramid,  and  those  con- 
tiguous to  the  lower  apex,  which  are  parallel  to  the  former, 
two  forms  will  arise,  whidi,  though  exactly  similar  to  iso- 
Kttles  nx-sided  pyramids,  are  yet  difierent  from  these  forms 
in  respect  to  the  situation  of  their  foces.  Combinations  of 
this  kind  are  said  to  be  hemi-dx-rhombohedral  of  parallel  focea. 
The  characteristic  form  of  the  hemi-di-rhombohedral  combi- 
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nations  of  inclined  faces  is  a  tix^Med  Trapexohednm^  a  solid 
contained  under  twelve  equal  and  similar  trapezoidal 
faces.  Pairs  of  them  are  obtained  bj  enlarging  the  alter- 
nating faces  contiguous  to  one  of  the  apices,  and  those  of 
the  other  which  are  not  parallel  to  them ;  they  shew,  like 
some  of  the  forms  considered  above,  the  differences  of 
Right  and  Left.  A  Right  Trapezohedron  of  this  kind  is 
represented  in  Fig.57.,  a  Left  one  in  Fig.  68.  The  first  is 
obtained  by  enlai^ing  the  &ces,  a,  a  ;  and  a',  a',  &c. ;  the 
second,  bj  enUrging  the  &ces  marked  6,  b  ;  and  V^  V^  &c. 

The  three-sided  tmpezohedrons.  Figs.  53.  and  64.,  are 
obtained  by  enlar^^ug  all  those  faces  of  the  six-sided  ones 
which  are  marked  a,  a,  &c.  or  b,  6,  &c  in  Fig.  61. ;  but  if 
we  enlarge  the  faces  a,  a,  &c  or  b,  b,  &c  contiguous  to  the 
upper  apex,  and  the  faces  a',  tf',  &c  or  b',  V^  &c.  conti- 
guous to  the  lower  apex,  forms  will  result,  like  Fig.  65. 
and  Fig.  66.,  and  which  are  right  and  left  trapezohedrons 
like  the  former,  but  which  contain  faces  of  the  scalene 
six-sided  pyramids  in  both  positions.  The  situation  of 
these  &ces  determines  their  existence  in  the  combinations. 

In  order  to  re-obtain  the  simple  forms  from  a  di-pyramid, 
it  is  necessary  to  enlai^  the  alternating  p^irs  of  &ces, 
a  and  b,  or  those  which  meet  in  the  obtuse  terminal  edges 
of  the  six-sided  pyramid  from  the  upper  apex,  and  the  al- 
ternating ones,  a  and  b  from  the  lower  apex.  If,  on  the 
contrary,  we  enlarge  those  on  the  lower  apex  which  pro- 
duce with  the  former  horizontal  edges  of  combination 
like  t^  and  b',  the  result  will  be  scalene  six-sided  py- 
ramids, whose  bases  are  hexagons  of  alternately  equal 
angles,  similar  to  the  figure  produced  by  a  section  perpen- 
dicular to  the  axis  which  does  not  intersect  the  lateral  edges. 
Simple  minerals  may  assume  this  form,  although  they  have 
as  yet  not  been  found  in  nature ;  but  they  are  Yety  com- 
mon in  compound  minerals,  and  as  such  they  will  be  the 
subject  of  farther  investigations. 

Hemi-rhombohedml  and  hemi-di-rhombohedral  combina- 
tions occur  in  rhombohedral  Fluor-haloide,  and  in  xhombo- 
hedral  Quartz. 

VOL.  I.  u 
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The  mode  in  which  the  rhombohedroiu  themfleWes,  and 
the  limits  of  their  series,  produce  hemi-rhombohedral  com- 
binations, is  particularly  remaikaUe,  and  very  distinct  from 
what  we  have  seen  till  now.  Here  att  the  faces  belonging 
to  one  apex  enter  into  the  combination,  whilst  aU  those  con- 
tiguous to  the  opposite  apex  disappear.  The  results  aie 
combinations  of  a  dissimilar  configuration  in  their  opposite 
terminations.  The  crystalUsations  of  rhombohedral  Tourma- 
line give  the  most  generally  known  examples  of  this  pecu- 
liarity, which,  however,  is  likewise  frequently  met  with 
in  rhombohedral  Ruby-blende.  It  is  evident  that  the  six- 
nded  prism  R  +  oo,  if  subject  to  this  modification,  will 
only  shew  half  the  number  of  its  fiuies ;  and  that  the 
three-sided  prism  occurring  in  these  two  species,  can  only  be 
explained  upon  the  supposition,  that  it  is  a  rhombohedron 
of  an  infinite  axis,  three  faces  of  which  belong  to  one  of 
the  apices  of  the  combination,  and  are  enlarged,  while  those 
belonging  to  the  other  apex  disappear. 

The  designation  of  hemi-rhombc^edral  and  hemi-di-riiom- 
bohedral  forms,  depends  upon  the  same  principle  as  that 
of  the  halves  in  the  tessolar  system  (§.  129 — 133.).  The 
number  2  is  added  to  the  sign  of  the  entire,  simple  form, 
as  a  divisor;  and  by  the  signs  +  and  — ,  or  r  and  1,  is  in- 
dicated the  parallel  and  the  transverse  position,  or  the  dif- 
ference between  right  and  left. 

The  following  signs  refer  to  the  figures  51  —  68,  com- 
prehending the  dififezent  forms  of  a  di-rhombohedral,  hemi- 
rhombohedral,  or  hemi-di-rfaombohedral  character : 

2((P  +  n)-)Pig.61.; 

JL  L±5,or  i  Ltf,  or  ±  5  +  2         Fig.  62.; 
r        2  1       2  2 

'  (^+»)'        Fig.  63. ,  i  (2+5.)-       Fig.  64. , 

±.'il+2l-         p.      5     +l(P  +  n)-      j^5j_ 
—  r       8  *  —1       8  "6        • 

-L  IM±1)I1  Fig.  67.,  i  !«L±."J:L)  Fig.  58. 
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§.    148.    DEVELOPEMENT  OF  BHOKBOHEDBAI.  AND 
DI-RHOMBOHEDRAL  COUBIMATIONS. 

The  developement  of  the  oombinatioDS  conUdning 
three  or  more  simple  forms,  is  founded  upon  the 
knowledge  of  binary  oomhinations. 

A  few  examples  will  be  the  best  means  of  instructiiig 
the  beginner  how  to  proceed  in  similar  cases.  The  example 
chosen  for  rhombohedral  combinations,  shews  at  once  the 
sufficiency  of  the  few  particular  cases  mentioned  in  §.  145. 
—147.  of  binary  combinations  for  the  developement  of  such 
as  consist  of  a  greater  number  of  simple  forms. 

The  59th  figure  represents  a  rhombohedral  combinatiofn 
(§.  145.),  consisting  of  four  rhombohedrons,  two  scalene  six. 
sided  pyramids,  and  a  r^^lar  six-sided  prism.  Its  inde- 
terminate designation  is 

U  +  n.  It  +  nT.  B  +  nil.  B  +  n'".  (P  +  n'^)«. 
a  e  e  d  h 

(P  +  n^)^.  R+  00. 
/  g 

The  only  form  immediately  determined  in  this  combina- 
tion, is  R  +  o  •  The  edges  of  combination  between  the 
ftees  of  this  form  and  those  of  the  rhombohedrons  R  +  ni", 
II  +  n"  and  R  +  n  aire  horizontal  (§.  145.  L  4.),  whereas 
P  +  00,  if  it  were  contained  in  the  combination,  would 
produce  edges  of  combination  parallel  to  the  lateral  or 
terminal  edges  of  these  rhombohedrons  (S>  145.  ilL  4.). 

Among  the  rhombohedrons,  one  must  be  selected  and 
fixed  upon  as  the  fundamental  form,  and  the  letter  n  in 
its  sign  therefore,  must  be  made  sss  0.  The  figure  repre- 
sents a  crystal  of  rhombohedral  limeJialoide,  which  mine- 
ral  is  cleavable  (§.  162.),  parallel  to  the  fiuses  of  the  rhom- 
bohedron  here  designated  by  R  +  ni  »  105°  5'.  According 
to  this  we  determine  the  rhombohedron  R  +  n'  to  be  the 
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fundamental  fona,  and  conaequentlj  n'  to  be  a  0,  and 
It  +  n'  ss  lU  The  positbn  of  R  is  considered  as  the  nor- 
mal position. 

The  rhombohedron  R  +  n  is  in  a  transverse  podtiov  to- 
wards It ;  and  since  the  edges  of  combination  between  B, 
(P  +  n>^)"  and  R  +  n  are  parallel  to  the  terminal  edges  of 
R  and  to  the  inclined  diagonals  of  R  +  n,  those  between 
R  and  R  +  n  will  assume  the  same  situation,  if  the  faces 
of  (F  -f  i^'jr  disappear.  Hence  the  two  forms  are  in 
the  relation  of  R  +  n  :  R  +  n  —  1  (§.  145.  L  1.);  or,  for 
n  ss  0,  in  that  of  R :  R  —  1.  ConsequenUj  n  is  »  -.  1 
and  R  +  n  »  R  —  1. 

Suppose  the  fiices  of  R  and  those  of  R  +  n'^  to  be  en- 
larged till  thej  intersect  each  other.*  R  +  n'^  is  in  the 
same  position  towards  R  as  R  -^  1 ;  the  two  forms  will 
produce  edges  of  combination  parallel  to  the  inclined  dia- 
gonals of  R,  and  consequently  to  the  terminal  edges  of 
R  +  n<v.  The  forms  R  +  n^^  and  R  are  again  in  the 
ratio  of  R  +  nandR-fn— .!(§.  146.  i.  1.).  And  since 
for  R,  the  expression  n  —  1  is  ss  0,  n<^  for  R  -f  n<^  will 
be  »  1,  and  R  +  ni^  B  R  +  1. 

The  three  rhombohedrons  R  —  1,  R  and  R  +  1  are 
consecutiye  members  of  one  and  the  same  series. 

The  edges  of  combination  between  (P  +  n^)'<»'  and  R  are 
parallal  to  the  terminal  or  to  the  lateral  edges  of  R,  and  to 
the  lateral  edges  of  (P  +  n^)»' ;  the  scalene  six^ded  pyramid 
belongs  to  the  rhombohedron  (§.  145.  iL  1.).  In  (P  +  n^)^' 
therefore  n^  is  ss  0,  and  the  pyramid  itself  ss  (P)"'. 

The  rhombohedron  R  +  I  is  in  a  transverse  position  to- 
wards this  pyramid,  which  is  itself  parallel  to  R,  and  the 
faces  of  R  +  1  take  away  the  more  acute  terminal  edges  of 
(P)«'  with  parallel  edges  of  combination.  The  relation  of 
the  forms  is  therefore  as  in  §.  146.  ii.  4. ;  and  we  have 

3  m'  —  I 

JL= f .  a  ss  {.  2.  a, 

6  ' 


*  The  fkces  of  R  may  easily  be  enlai^ged  by  cleavage, 
(§•  162.). 
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and  hence  m^  »  3.    The  p3n!amid  accordtnf^j  ^HU  he  per- 
fectlj  designated  by  the  crystallographic  mgn  (P)*. 

The  more  obtuse  pyramid  produces  with  (P)*  horizontal 
edges  of  combination,  m  is  therefore  sa  m'  a  3  (§.  145. 
iv.  2.);  and  (P  +  n>^)"»  =  (P  +  niv)». 

But  the  faces  of  II  —  1  appear  with  parallel  edges  of 
combination,  in  the  place  of  the  more  acute  tenninal  edges 
of  this  pyramid.  I^  therefore,  a'  be  the  axis  of  the  rhom- 
bohedron  to  which  the  pyramid  belongs,  whilst  a  is  the 
axis  of  R,  we  have  from  §.  145.  ii.  4., 

LLnia' =-L.JL- 
6        ""32* 

from  which  follows 

a^  SB  4.  ass  2-^*.  a; 
n"  is  therefore  =  —  2,  and  (P  +  n")»  »  (P  —  2)». 

The  edges  of  combination  between  the  pyramid  just  now 
determined  and  the  rhombohedron  B  4-  n"  are  puniUel  to 
the  more  obtuse  terminal  edges  of  the  former,  and  to  the 
terminal  or  lateral  edges  of  the  latter.  The  two  forms 
rank  under  the  head  of  §.  145.  ii.  7* 

Iiet  a^  be  the  axis  of  the  riiombohedron  B  +  n".  We 
have 

■         ■  »■ .  4>  a  ss  V*  a  f 
6  * 

and  accordingly, 

a'a{.a»i.  2».  a 
n°  IS  therefbre  =  0 ;  but  the  rhombohedron  belongs  to  the 
first  subordinate  series,  and  R  +  n"  is  =  |  B. 

If  now  we  write  down  the  signs  of  the  forms  as  we  have 
found  them  in  the  derelopement  in  their  regular  order ; 
we  obtain  the  crystallographic  designation  of  the  combina- 
tion, disposed  according  to  the  different  angles  which  per- 
pendicular lines  drawn  upon  the  ftces  produce  with  the  ati*, 

B  —  1.    (P  —  2)».    B.    f  B.    B  +  1.    (P)«.    B  ^»  «. 
a  b  e         d  e  f    .        g- 

The  60th  figure  represents  a  di-rhom^hedral  combina* 
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tioii  of  liiombohednl  Emerald,  dengnatcd  indeterminateljr 
thuss 

R  —  oo.    P  +  ii.    P  +  n».    2(11  +  11").    P  +  «. 
a  h  d  c  e 

Here  B  —  ee  (c)  and  P  +  eo  (e)  the  limits  of  the  aeries  of 
isosceles  six-sided  pyramids  are  immediately  determiDed. 
The  only  rfaombohedron  which  it  contains  is  R  +  n°  (c). 
It  is  present  in  both  positions ;  the  combination  therefbre 
assumes  a  dl-ihombohedral  character  (§.  14d.).  If  this 
xhombohedron  be  considered  as  the  fundamental  form,  the 
value  of  n"  will  be  a.  0,  and  2  (R  +  n")  therefore  »  2(R). 

The  fiices  of  P  +  n  (()  if  duly  enlarged,  appear  as 
rhombs  in  the  place  of  the  fiices  of  the  di-rhombohedron ; 
the  fiices  of  the  latter  likewise  would  be  rhombs,  were  thej 
not  InterKCted  by  the  fiices  of  other  forms.  Hence  n  is 
«]bd  m  0,  or  the  pyxunid  P  +  n,  and  the  di-xhombohedron 
9(R)are  coordinate  fimns  (§.  148.  I. ;  and  §.  145.  iii  l.> 
P  +  n  therefore  is  b  P. 

The  fi^es  of  the  di«rhombohedron  appear  with  pazaUel 
edges  of  combination  in  the  place  of  the  terminal  edges  of 
P  +  n'  (i).  The  relations  of  the  pyramid  and  the  rhom. 
bohedron  will  therefore  be  those  consideced  in  §.  145.  iiL  2. 
From  these  it  follows  that  n^  is  ^  n"  +  1  »  0  +  I  «  1. 
The  pyramid  will  be  as  P  +  1. 

The  determined  designation  of  the  deyeloped  di-rhombo- 
hedral  combination  is  therefore : 

R  —  00.    P.    2  (R>    P  +  1.    P  +  09. 


Theso  developements,  as  represented  by  the  signs,  con. 
tain  erery  thing  required  for  calculations  referring  to  the 
oonqiound  forms ;  ^ce  the  deaignation  contains  all  those 
determined  definite  values  of  m  and  n,  which  must  be  sub* 
atituted  in  the  general  equations  referred  to  in  g.  144. 

The  developement  of  the  combinations  is  peculiarly  ap. 
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plicable,  if  it  is  not  limited  to  the  forau  of  a  single  in- 
dividual, but  if  it  refers  to  all  the  cirstalline  yarietles 
known  in  a  natural-historical  species.  It  will  be  treat* 
ed  of  more  at  large  than  the  proposed  limits  of  this  work 
would  allow,  in  a  particular  work  on  CiTstallography. 
In  general,  those  simple  forms  which  are  known  from  one 
developed  combination,  become  the  foundation  of  every 
Ikrther  developement ;  and  this  method  of  proceeding  is 
also  used  in  compound  forms  of  a  single  individual,  if  some 
of  its  forms  can  be  identified  with  others,  which  have  been 
developed  in  other  crystalline  varieties  of  the  same  species. 

§,  149.  PTRAMIBAL  COMBINATIOK8. 

A  combination  of  the  pyramidal  system  is  more 
particularly  sud  to  possess  a  PyrcMiidal  eharaeiery 
if  the  simple  forms  contained  in  it  appear  with  the 
full  number  of  their  faces  in  thdr  peculiar  position. 

The  binary  combinations  of  this  sjstem,  under  the  same 
restrictions  as  to  subordinate  series  as  in  §•  145*9  are  in 
general 

L    P  +  n.      P  +  n', 
ii.    P  +  n.     (P  +  nO", 
iiL  (P  +  n)-.  (P  +  nO°^, 

i.  P  +  n.  P  +  n'. 
I.  Let  n  be  ss  u  +  1.  Under  these  circumstances,  the 
forms  will  be  consecutive  members  of  the  series  §.  101. 
As  such,  they  are  in  a  diagonal  position,  and  the  edges  of 
combination  which  they  produce,  must  be  parallel  among 
each  other,  but  at  the  same  time  they  must  be  parallel  also 
to  the  terminal  edges  of  the  more  acute  pyramid,  and  to 
those  lines  in  the  ftces  of  the  more  obtuse  one,  which  may 
be  drawn  perpendicularly  from  the  apices  to  the  lateral 
edges,  for.  P  —  1  {t)  and  P  (P)  in  pyramidal  JS^rcon. 
ToL  II.  Fig.  99.  Inversely  from  the  described  edtuation 
of  the  edges  follow  the  above  mentioned  relations  of  the  two 
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forms  among  each  other;   ^hlch  i9  imm^iately  evident 
from  the  derivation. 

2.  Let  n'  be  =s  n  +  2  r.  The  forms  are  in  a  parallel  posi- 
tion. The  edges  of  combination  therefore  will  be  horizon- 
tal Ex.  P  (c)  and  P  +  2  (h)  in  pyramidal  Garnet.  Vol  II. 
Fig.  96«  They  retain  this  situation,  even  though  the  com- 
bined forms  belong  to  different  series,  and  their  relative  di- 
mensions therefore  in  such  a  combination  remain  undeter- 
mined. The  reason  why  the  faces  of  all  parallel  pyramids  in- 
tersect each  other  in  horizontal  edges,  consists  in  the  pa- 
rallel situation  of  their  respective  lateral  edges,  or  of  (he 
sides  of  their  horizontal  projections. 

3.  Let  n  or  n'  be  as  —  cs.  One  of  the  forms  under 
these  circumstances  appears  as  a  face  perpendicular  to  the 
axis  of  the  other ;  and  the  edges  of  combination,  inde- 
pendently of  the  dimensions  of  the  forms,  must  be  horizon- 
tal, as  isevident  from  2.    £x,  P  —  ca  (a) and-l!^  P  —  3  (fr) 

in  pyramidal  Lead-baryte.  YoL  II.  Fig.  92. 

4.  Let  n  or  n'  be  =s  +  « ;  one  of  the  forms  becomes  a  re- 
gular four-sided  prism.  In  a  parallel  position,  the  edges  in 
which  the  faces  of  the  two  forms  meet,  must  be  parallel  to 
the  lateral  edges  of  the  finite  form,  and  therefore  horizon- 
tal (2).  £jr.P{P)^ndP  +  oo(/),orP-|-1  (*)and[P  +  co]  (g) 
in  pyramidal  Tin-ore.  Vol.  II.  Fig.  102.  In  a  diago- 
nal position  they  are  parallel  to  the  rhombic  principal  sec- 
tion (§.  53.  2.)  of  the  finite  member,  and  their  situation 
depends  on  its  dimensions.  Ex.  P  +  1  («)  and  P  +  od  (/) 
in  pyramidal  Tin-ore.  Vol.  II.  Fig.  102.  If  the  &ces  of 
the  prism  do  not  intersect  each  other,  they  appear  as 
rhombs.  The  combinations  P  —  oc.  P  -I-  oo,  and  P  —  od. 
[P  +  09],  are  right  rectangular  Ibur-sided  prisms. 

5.  If  both  n  and  n'  are  s  +  oc,  and  the  forms  in  a  dia- 
gonal position,  the  &ces  of  one  of  the  prisms  appear  in  the 
place  of  the  edges  of  the  other ;  their  combination  produces 
an  equiangular,  and  if  the  faces  are  of  equal  extent,  a  re- 
gular eight-sided  prism.  -Ex.  P  +  oo  (/)  and  [P  +  oo]  (g) 
in  pyramidal  Tin-ore.  Vol.  II.  Fig.  102. 
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ii.    P  +  n.    (P  +  nO^'. 

1.  X^t  n'  be  ss  n.  The  forms  in  this  case  are  co-ordinate, 
and  as  such,  in  a  parallri  position.  The  fhces  of  the  four- 
sided  pyramid  appear  in  the  phice  of  the  apices  of  the  eight- 
sided  one  as  rhombs,  their  edges  of  combination  being 
parallel  to  the  terminal  edges  of  the  four  .sided  pyramid. 
£x.  P  (r)  and  (P)»  (*),  or  P  (c)  and  (P)*  (x)  in  pyramidal 
Garnet  YoL  II.  Fig.  96.  The  situation  of  the  edges 
produced  between  the  two  forms,  is  independent  of  m^  bi|t 
in  the  parallel  position  already  mentioned,  it  equally  re- 
quires the  above  relation  of  the  forms,  whatever  may  be 
the  value  of  m. 

If  the  forms  are  in  a  diagonal  position,  and  therefore  not 
co-ordinate  ones,  there  exists  for  every  scalene  eight-sided 
pyramid  a  particular  four-sided  pyramid,  whose  faces 
lappear  as  rhombs  in  the  place  of  the  apices  of  the  former. 
ix.  P  —  1  (o)  and  (P  —  2)'  (o),  or  P  {P)  and  (P— 1)»  (z) 
in  pyramidal  Garnet  VoL  II.  Fig.  96.  In  these  combina- 
tions the  rhombic  figure  of  the  fiices  of  the  isosceles  four- 
sided  pyramids  depends  on  a  certain  relation  of  m',  n' 

and  n,  which  is  expressed  in  the  equation  : 

n  —  n'  +  1 


m'  =:  2         ^        +1. 
This  equation  is  very  useful,  from  two  of  these  quantities 
being  known,  to  find  the  value  <)f  the  third. 

2.  Let  n  or  n'  be  =  —  co  •  One  of  the  forms  becomes 
s  P  —  00,  and  as  a  &ce  perpendicular  to  the  axis,  it  pro- 
duces horizontal  edges  of  combination  (i.  3.). 

3.  Let  n  be  =a  +  tt.  The  pyramid  P  +  n  in  this  case 
appears  as  a  rectangular  four-sided  prism.  In  either  posi- 
tion its  faces  assume  a  rhombic  figure,  by  their  intersec- 
tion with  those  faces  which  form  the  lateral  solid  angles  of 
the  pyramid.  In  the  parallel  position  the  angles  of  those 
rhombs,  and  therefore  the  situation  of  the  edges  of  combi- 
nation are  altogether  dependent  on  m',  and  different  in 
different  pyramids.  In  the  diagonal  position,  however, 
these  angles  and  edges  of  combination  do  not  depend  on 
m',  since  the  angles  are  equal  to  the  angles  of  the  rhombic 
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principal  section,  and  the  edge3  of  combination  consequent- 
ly parallel  to  the  alternating  terminal  edges  of  that  isosce- 
les four-sided  pyramid,  from  which  the  scalene  eight-sided 
pyramid  is  derived,  or  to  which  it  belongs.  Examples  of 
both  cases  are  contained  in  pyramidal  Zircon,  Vol.  II. 
Fig.  99.  The  scalene  eight-«fided  pyramids  (P)»  (j?),  (P)«  (y) 
and  (P)*  (z)  are  in  a  parallel  position  with  P  +  os  (/),  but 
they  are  in  a  diagonal  position  with  [P  +  oo]  («). 

I^  therefore,  the  edges  of  combination  produced  by  a 
scalene  eight-sided  pyramid  and  an  isosceles  four-sided  one, 
in  a  parallel  position,  are  found  to  be  parallel  to  those 
edges  which  are  produced  by  the  same  eight-sided  pyramid, 
and  a  rectangular  four-sided  prism  in  a  diagonal  position ; 
it  follows  that  the  isosceles  four-sided  pyramid  and  the 
eight-sided  pyramid  must  be  co-ordinate  forms. 

4.  liCt  n'  be  a  n  —  2,  and  m'  »  3.  The  combinatioa 
will  be  P  +  n.  (P  +  n  ^  2)*,  and  the  forms  in  a  pa- 
rallel portion.  The  &ces  of  the  four-aided  pyramid  ap- 
pear in  the  place  of  the  more  acute  terminal  edges  of  the 
eight-sided  pyramid ;  the  edges  of  combination  being  pa- 
rallel among  themselves,  to  the  aboye-menti<med  terminal 
edges  of  the  eight-sided  pjrramid,  and  to  those  lines  in  the 
four-sided  pyramid,  which,  from  its  apices,  can  be  drawn 
perpendicularly  to  its  lateral  edges.  Examples  occur  in 
pyramidal  Zircon,  of  (P)»  and  P  +  2. 

Suppose  AOVi,  Fig.  69.,  to  be  half  the  axis,  A'C  the 
more  acute  terminal  edge  of  the  eight-sided  pyramid.  If 
CM  be  made  equal  to  half  the  side  of  the  horizontal  pro- 
jection, MA' becomes  half  the  axis,  A'C  the  above-mention- 
ed pcr|)endiculaf  line  upon  the  face  of  the  four-sided  pyra- 
mid; and  consequently,  supposing  MD,  half  the  side  of 
the  horizontal  projection  =b  (,  we  have 

MA  =  2».  a  =  *l?-±i.  2«.  a. 

2 

If,  according  to  the  supposition,  m'  be  a  3,  the  values 
of  n  and  n'  will  follow  thus : 

n  s  n'  +  2,  and  n'  =  n  —  2. 
Put  if  we  substitute  4,  instead  of  m',  we  obtain 
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and  F  +  n  xs  {  P  +  n'  +  2,  or  that  member  of  the  second 
subordinate  series  (§.  107.),  vhich  belongs  to  P  +  n'  +  2. 
For  m'  as  j>,  the  result  is 

2'  »  3.  2'  »  — ^.  2».  2»  «       ^     .  2     «     ; 

and  P  +  n  «  -^^  P  +  n'  +  3,  that  member  of  the  first 

subordinate  series  (§.  lOT*))  which  belongs  to  P  +  n'  +  3. 

6«  Let  n'  be  s  n  —  3,  m'  ss  4.    The  combination  is 

P  +n.(P+n  —  3)*;  under  these  circumstances,  the 

forms  wiU  be  in  a  diagonal  position.     The  faces  of  the 

four-sided  pyranuds  appear  in  the  more  obtuse  terminal 

edges  of  the  ei^t-sided  ones.    The  edges  of  combination 

are  parallel  to  these,  to  the  perpendicular  lines  upon  the 

fiices  of  the  four-sided  pyramid,  and  among  each  other. 

Suppose,  Fig.  70.,  MA'  to  be  half  the  axis  of  the  eight* 
sided  pyramid,  and  A'B  its  more  obtuse  terminal  edge.  If 
now  BM  is  half  the  side  of  the  horizontal  projection,  we 
have  in  MA'  half  the  axis,  and  in  A'B  the  perpendicukr  line 
upon  the  &oe  of  the  four-sided  pyramid ;  and  consequent- 
ly, if  half  the  side  of  the  horizontal  projection  MD  is  sup- 
poaed  s  i,  MA  will  be 

n  Z. 1 

SB  2'.  ass  m'.  2     <  .  a. 
But  we  have  m'  =s  4 ;  therefore 

n  B  n'  +  3,  and  n'  ss  n  —  3. 
If  m'  be  s  3,  it  will  follow  that 

n'— 1  n'— I  n'  +  S 


2*  »  3.  2    «    s 


-.  2^  2    ^    s  -rrrr*  2    »    ' 


and  thus  P  +  n  becomes  -j^  P  +  n'  +  2,  or  that  mem- 

ber  of  the  first  subordinate  series,   which  belongs  to 
P  +  n'  +  2. 

m'  B  5  makes    . 

2'  »  5.  2  s       s=s  J.  2«.  2    «     as  {.  2"~sr . 

P  +  n  therefore  becomes  ;=  J  P  +  n'  +  3,  which  is  tha^ 
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member  of  the  second  Bubordioate  series  which  belongs  to 
P  +  n'  +  3. 

6.  Let  n'  be  s  n  —  3,  m'  ss  3,  the  combination  there- 
fore P  +  n.  (P  +  n  —  3)*.  The  forms  again  are  in  a  dia- 
gonal position,  and  the  more  acute  terminal  edges  of  the 
cdght-sided  pyramid,  therefore,  fall  into  the  same  vertical 
plane,  which  passes  through  the  terminal  edges  of  the  fi>ur- 
sided  pyramid.  The  edges  of  combination,  arising  between 
the  &ce8  of  the  two  forms,  become  parallel  among  them- 
selves,  and  to  the  abore-mentioned  terminal  edges  of  the 
pyramids.  £x.  P  +  2  (ft)  and  (P  —  1)*  («)  or  P  +  4  (r) 
and  (P  +  !)•  (e)  in  pyramidal  Garnet  Vol.  II.  Fig.  9«. 

For,  the  rest  being  as  in  the  other  example,  let  A'C, 
Fig.  69.,  represent  the  terminal  edge  of  the  four-dded  py- 
ramid :  it  will  follow  that 

«  m'+l      ^^^^ 

MA  =  2».a  =  -y— 2     «    .a. 

If  now,  according  to  the  supposition,  m'  be  ss  3;  we 
have 

n  ss  n'<+  3,  and  n^  as  n  —  3. 

But  if  m'  is  SB  4 ;  P  +  n  becomes  as  {  P  +  n'  +  3,  or 
that  member  of  the  second  subordinate  series,  which  be- 
longs to  P  +  n'  +  3 ;  if  mMs  s  5,  the  pyramid  becomes 

— ^-~P  +  n'  +  4,  or  that  member  of  the  first  subordinate 

series,  which  belongs  to  P  +  n'  +  4. 

7*  Let  n'  be  sa  n  —  4,  m'  =s  4,  or  the  combination 
P  +  n.  (P  +  n  —.  4)«.  The  forms  are  in  a  parallel  posi- 
tion ;  the  more  obtuse  terminal  edges  of  the  eight^ided 
pyramid  coincide  with  the  terminal  edges  of  the  four-sided 
pyramid.  In  this  situaUon  of  the  fiices,  the  edges  of  com- 
bination between  the  two  forms  are  parallel  to  each  other, 
and  to  both  the  mentioned  terminal  edges.  Ex.  P  +  4  (r) 
and  (P)*  (x)  in  pyramidal  Garnet.  VoL  II.  Fig.  96. 

For  we  have 

MAs2>.  a  =  m'.  2^a, 
from  which,  4  being  substituted  for  m',  we  obtaii^ 
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n  B  n'  +  4,  or  n'  sa  n  —  4 1 
m'  sa  3  gives  P  +  n  «— 1-P  +  n'+  3,  the   member   of 

the  first  subordinate  series  belonging  to  P  +  n'  +  3 ; 
mad  gives  P  +  n  s  {  P  +  n'  +  4,  or  that  member  of 
the  second  subordinate  series  which  belongs  to  P  +  n'  -f  4. 

iii.    (P  +  n)".    (P  +  nO"'. 

1.  Let.n'  be  S3  n.  The  combination  is  (P  +  n)^. 
(P  +  ny*^;  the  forms  are  co-ordinate  pjramids,  and  as 
such  in  a  panliel  position.  The  situation  of  the  edges  in 
which  the  fiices  of  the  two  pyramids  intersect  each  other, 
do  not  depend  upon  m  or  m'  (iL  1.).  The  situation  of  the 
edges  produced  between  any  one  of  those  pyramids,  and  the 

four-sided  one  from  which  they  are  dexived,  is  such  that 

ft 

the  fiices  of  the  latter  become  rhombs,  or  the  edges  of 
combination  are  parallel  to  their  terminal  edges.  The 
edges  of  combination  between  two  such  co-ordinate  scalene 
eight«sided  pyramids,  will  therefore  likewise  be  parallel  to 
the  edges  of  that  isosceles  four-sided  pyramid  to  which 
they  belong ;  and  if  more  than  two  appear  in  one  and  the 
same  compound  form,  the  above  mentioned  parallelism  will 
be  observable  in  the  edges  of  combination  between  them  all. 
Ex,  The  pyramids  x,  y,  and  ar,  already  mentioned  in  pyra- 
midal Zircon.  YoL  II.  Fig.  99.  From  the  observed  pa- 
rallelism, we  may  decide  inversely  whether  the  pyramids 
are  co-ordinate  forms  or  not,  and  whether  or  not  they  are 
derived  from  that  isosceles  four-sided  pyramid,  with  which 
they  enter  into  combination. 

2.  Let  m  be  s  m^  The  combination  will  be  (P  -f  n)"*. 
(P  +  nQ™.  If,  moreover,  the  forms  are  in  a  parallel  position, 
the  edges  produced  by  the  intersection  of  their  fiices  be- 
come horizontal  Ex,  (P  —  1)»  (z)  and  (P  +  1)»  (e)  in 
pyramidal  Garnet  Vol.  II.  Fig.  96.  The  transverse  sec- 
tions of  the  two  forms  are  similar  to  each  other,  since  these 
forms  are  members  of  one  and  the  same  series  (§.  106.). 
The  observations  in  respect  to  scalene  six-sided  pyramids 
in  §.  145.  iv.  2.  extend  likewise  to  this  case. 

3.  If  one  of  the  combined  forms,  by  n  becoming  ss  ±.  oo 
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is  changed  either  into  an  unefiiiangular  eigfaUsided  prism, 
or  into  a  plane  perpendicuhir  to  the  asia,  the  aituation  of 
the  edges  in  2.  remains  nevertheless  unchaofQed^  provided 
in  the  case  of  the  prism,  the  position  still  remains  the 
parallel  one  and  m  =  m'.  JSx.  of  the  latter,  (P  +  1)'  («) 
and  [(P  +  oo)>]  (/)  in  pyramidal  Garnet  VoL  II.  Fig.  96. 

4.  There  exists  in  the  pyramidal  sjstem,  a  series  of  sca- 
lene eight-sided  pyramids  analogous  to  that  of  the  scalene  six- 
sided  pyramids  in  the  zhombohedrsl  system  (§.145.  iv.  l)' 
Its  members  succeed  each  other  in  the  following  order: 
...  (P  +  n)»,  (P  +  n  +  1)S  (P  +  n  +  2)»,  (P+  n  +  1)* ... 
in  which  the  consecutive  members  assume  a  diagonal  posi- 
tion towards  each  other.  Ex.  (P)*  (x)  and  (P  +  1)»  (e)  in 
pyramidal  Garnet  YoL  II.  Fig.  96.  The  edges  of  combi- 
nation between  the  fiices  of  every  two  subsequent  pyramids 
are  parallel  to  each  other,  to  the  more  obtuse  termiiial  edges 
of  the  lower,  and  to  the  more  acute  terminal  edges  of  the 
higher  member  in  the  series.  The  demonstration  of  this 
property  depends  upon  the  same  suppositions  as  in  the  siz- 
sided  pyramids. 

Let  A'B,  Fig.  70.,  represent  the  more  obtuse  terminal 
edges  of  (P  +  n)"* ;  we  find  the  algebraic  expression  of 


n 


sin  A'BM  :=         "-^'-^ 

V(m«.2».a«-|- 

If  in  the  same  way  we  suppose  A'C,  Fig.  69.,  to  be  the 

more  acute  terminal  edge  of  (P  +  nj*^ ;  a  similar  algebiaic 

expression  wiU  give 

sin  A'CM  =-^(l!L'ill^ 

V  l(m'  +  1)».  2"'.  a«  +  4] 

These  two  expressions  become  equal,  if  in  the  first  we 

substitute  5  for  m,  and  in  the  second  n  +  1  for  n',  and  4 

for  m'.    They  again  become  equal  if  in  the  first  we  suppose 

m  «  4 ;  in  the  second  n'  s  n  +  1  and  m'  ss  3 :  and  sgsin 

for  m  SB  3  in  the  first,  and  n'  as  n  — .  1,  and  m'  =s  5  in  ihe 

second  expression.    For  the  rest,  the  remarks  of  §.  1 45.  iv.  *• 

find  here  equally  their  full  application. 
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§.  150.  HEMI-PYBAMIDAL  COMBINATIONS. 

A  combination  of  the  pyramidal  system  possesses 
a  Hemi-p^ramidal  Character^  if  one  or  more  of  the 
simple  forms  contained  in  it,  appear  with  only  half 
the  number  of  their  faces. 

The  isosceles  four-sided  pTramid  may  be  resolved  into 
halves,  like  the  octahedron  (§.  129.).  The  result  is  a  pair 
of  forms  contained  under  four  equal  and  similar  isosceles  tri* 
angles.  Figs.  61. 62.,  the  first  being  produced  from  the  isosce- 
lesfour-sided pyramid.  Fig.  8.,b7  the  enlargement  of  the&ces 
a  and  a,  the  second  by  the  enlargement  of  h  and  b.  None 
of  their  &ces  are  parallel  to  each  other.  This  form  is  ana- 
logous to  the  tetrahedron.  A  combination,  containing  one 
or  several  forms  of  this  kind,  is  termed  a  hemi-pyramidal 
combination  of  inclined  faces.  If  we  enlarge  parallel  faces,  no 
finite  forms  can  be  obtained ;  and  this  seems  to  be  the  reason 
why  hemi-pjrramidal  forms  thus  possessing  parallel  faees 
have  not  yet  been  found  in  nature. 

The  scalene  eight-sided  pyramid,  if  resolved  by  enlaig- 
ing  its  alternate  faces,  gives  forms  contained  under  eight 
irregular  trapezoidal  faces,  Figs.  63.  64.,  which  on  tliat  ac- 
count receive  the  denomination  ofJbur-Med  TrapegohedrcHu, 
These  focms  agree  exactly  with  the  six-sided  trapezohedrona 
obtained  by  the  same  mode  of  resolution  from  the  di-pyra- 
mid,  §.  146.,  except  in  the  number  of  their  faces.  The  two 
forms  thus  produced  from  the  eight-sided  pyramid,  are  also 
distinguished  from  each  other  by  the  difference  of  Right  and 
Left,  as  the  forms  of  the  rhombohedral  system  already 
mentioned.  Fig.  63.  represents  a  right  four-4nded  Trap^- 
zohedron,  produced  from  the  eight-sided  pyramid,  Fig.  12., 
by  the  enlargement  of  the  faces  a,  a,  while  Fig.  64.  is  the 
left  one  which  arises  from  the  enlargement  of  (  and  b. 

By  enlarging  parallel  fiices  we  obtain  two  forms  absolute- 
ly similar  to  isosceles  four-sided  pyramids,  except  in  their 
position,  since  the  faces  of  such  hemi-pyramidal  forms  are 
always  situated  like  the  faces  of  that  eight-sided  pyramid. 
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wboee  htlves  thej  are.    Combinations,  into  which  fonns  of 
this  kind  enter^  are  termed  henu-pjrramidal  combinations 

But  a  scalene  eight-Sded  pyramid  may  also  be  resolved 
according  to  the  process,  applied  in  §.  146.  to  the  di.pyramid, 
'  for  reproducing  the  simple  forms  which  it  contains.  This 
is  effected  by  enlarging  Ibe  alternate  pairs  of  &ces  which 
meet  in  the  acuto  terminal  edges  of  the  one,  and  those  of  the 
other  apex  which  are  not  contiguous  to  them.  The  result- 
ing fonAs  are  contained  under  eight  equal  and  similar  sca- 
lene triangles,  all  their  faces  being  inclined  to  one  another, 
Figs.  65.  66. ;  hence  they  Ukewi&e  change  those  pyramidal 
combfaiationa  in  which  they  are  contained,  into  hemi-pyra- 
midal  ones  of  inclined  fiices.  These  forms  are  in  respect  to 
the  eight^ided  pyramids,  what  the  forms  analogous  to  the 
tetrahedron  considered  above  are  to  the  fi>ur-sided  pyra- 
mids, and  occur  along  with  them  in  the  fame  combinations. 
Hemi-pyramidal  combinations  of  pandlel  faces  occur  in 
pyramidal  Scheelium-baryte,  and  hemi-pyiamidal  combina- 
tions of  inclined  iaces  in  pyramidal  Copper-pyrites.  No  ex- 
ample has  yet  been  found  in  nature  of  di-pjrramidal  combi« 
nations,  or  such  as  would  contain  one  and  the  same  form  of 
the  pyramidal  system  in  two  different  positions  ;  nor  have 
we  any  reason  to  suspect  their  existence,  because  no  ra- 
tional  number  of  derivation  can  produce  from  any  pyrami- 
^  dal  foray  another  diagonally  situated,  and  equal  and  similar 
to  that  pyramidal  form. 

Hemi-pyramidaL  forms,  like  thehemi^rhombohedral  ones, 
are  designated  by  adding  the  divisor  2  to  the  crystallogn- 
phic  signs  of  the  entire  forms.  The  situation  of  those  &ces 
which  o<;cur  in  the  coipbination,  are  moreover  indicated  by 
the  sifps  +  and  -u^  or  r  and  L 
The  following  signs  refer  to  the  figures  61  ^-wC6  : 

+  Z±J1  Fig.61.|  —  Lti  Fig.  62.; 

_L  g-*-")"  Fig.CS.;  1  (^'  +  °)"  Fig.  64.; 
r         2  *  1         2  »        ' 

+  <^  +  °)"  Fig.  65. 5  -  (LL"i!  Fig.  66. 
8  "  2 


f 
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§.   151.     BEVELOPEMENT     OF    FTBAMIBAL    COMBI* 

NATIONS. 

The  foljpwing  deyelopements  wiH  shew  how  the 
knowledge  of  binary  combinations  relative  to  tbt 
pyramidal  system  in  §.  149.^  is  to  be  applied  in 

particular  cases. 

« 

Fig.  07.  represents  a  pyramidal  combination,  whose  un* 
determined  designation  is 

P  +  n.    P  +  n^    (P  +  n")».    P  +  ».    [P  +  00  ]. 
a  h  c  d  e 

First  of  all,  the  more  obtuse  of  the  two  four-sided  pyra- 
mids, or  P  +  n  (a),  is  supposed  to  be  the  fundamental  form. 
The  value  of  n  will  therefore  be  =  0,  and  P  +  n  ss  P. 
This  determination  must  precede  that  of  the  vertical  prisms, 
which,  however,  is  now  very  easily  effected  ;  the  prism  <?, 
or  that  whose  intersections  with  P  are  horizontal,  being 
P  4-  CO,  whilst  Cy  the  other  prism,  is  [P  +  00],  and  produces 
intersections  with  the  faces  of  P,  which  are  parallel  to  the 
terminal  edges  of  this  form  (§.  149.  L  4.). 

The  edges  of  combination  between  P  and  P  +  n'  (&),  are 
parallel  among  themselves,  but  at  the  same  time  also  to 
the  perpendicular  Unes  drawn  upon  the  faces  of  the  former, 
and  to  the  terminal  edges  of  the  latter  pyramid.  The 
forms  are  in  a  diagonal  position  to  each  other ;  and  they 
are  therefore  in  the  relation  of  P  +  n  and  P  +  n  +  1 ;  and 
since  n  ss  0,  P  +  n^  will  be  ss  P  +  I9  as  follows  immediate- 
ly from  the  derivation. 

The  scalene  eight-sided  pyramid  c  belongs  to  P;  fbr  it  is 
ilk  a  parallel  position  with  it,  and  the  faces  of  the  four-sided 
pyramid  appear  as  rhombs  in  the  place  of  the  apices  gf  the 
eight-sided  pyramid  (§.  149.  ii.  1.).  For  n"  =3  0,  (P  +  n")" 
becomes  3=  (P)*"* 

P  +  1  is  in  a  diagonal  position  with  (P)*" ;  its  feces,  how- 

VOL.  I.  N 
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ever,  likewise  appear  as  xliombs  in  the  Gombinatioti,  for  the 
edges  between  the  two  forms  are  parallel  to  the  terminal 
edgbB  of  P  +  1*  From  the  equation  given  in  g.  149.,  we 
have 

1—0  •(■  1 

m«2       '      +lB2  +  l«3,and  (?)«  »  (P)*. 
The  perfectly  determined  designation  of  the  developed 
compound  ibrm,  is  therefore 

P.    P  +  1.    (P)».    P  +  ».    [P  +  »]. 

A  h  ^  Jl  m 


The  indeterminate  designation  of  the  compound  form,  re- 
presented in  Fig.  68.,  is 

P  +  n.    P  +  n'.    (P  +  n")"".   P  +  ».    [P  +  co]. 
a  f  c  d  e 

If  we  compare  the  present  combination  with  the  pre* 
ceding  one,  we  find  a  perfect  identity  between  the  forms 
P  +  n  and  P,  and  between  the  forms  (P  +  n")»  and  (P)S* 
the  rectangular  prisms  likewise  being  common  to  both; 
and  accordingly  we  may  consider  these  forms  as  already 
known,  so  that  in  ' 

P.    P  +  n»,   (P)».    P  +  00.    [P  +  a]. 

a  f  c  d  e 

the  only  fivrm  still  to  be  determined  is  the  four-sided  pyra- 
mid P  +  n'  (/). 

The  &ces  of  the  scalene  eij^t-sided  pyramid  (P)*,  meet- 
ing  in  their  more  obtuse  terminal  edges,  are  found  in  the 
combination  to  appear  in  the  place  of  the  terminal  edges  of 
P  +  n'.  The  two  forms  are  therefore  in  a  parallel  poaition, 
and  the  relation  existing  among  them,  if  compared  with 
those  considered  above,  is  comprised  under  the  case  §.  149. 
iL7. 

If  the  number  3  be  substituted  for  m,  the  axis  of  the 
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isosceles  four-sided  pjramid  will  be  la  3.  2.*.  g,  or  ^a  3.  a  if 
n  3B.0.  Hence  the  pyramid  is  that  member  of  the  first 
subordinate  series  which  belongs  to  P  +  3  (§.  149.  il  4.), 

that  is  to  say,  it  is  s-^P  +  3. 

The  complete  designation  of  the  compound  form  fellows 
according  to  this  developement,  thus  t 

P.    1^8^  +  3.    (P)*.    P+«.    [P+odJ. 
a  f  c    •         d  e 

§.   152.    PRISMATIC  COMBniATIOKS. 

A  combination  of  the  prismatic  system  is  said  more 
particularly  to  possess  a  PrlsmoAtc  ClkarcLCtery  if 
the  forms  contained  in  it  appear  with  the  whole 
number  of  their  faces. 

The  number  of  binary  combinations  in  the  prisniatic 
system  is  so  great,  on  account  of  the  great  variety  of  differ^ 
ent  relations  among  its  fbrms,  that  it  becomes  impossible 
in  the  present  place  to  consider  them  all,  even  though  this 
should  be  done  in  the  most  general  manner.  We  can 
therefore  notice  only  as  many  as  will  be  sufficient  for  ex- 
plaining the  greater  part  of  the  cases  commonly  occurring 
in  nature,  and  which,  at  the  same  time,  shew  how  to  pro- 
ceed in  the  implication  of  the  methods  of  developement 
mentioned  above  (§.  143.).  These  binary  combinations  are  t 

L    P  +  n.    P  +  n', 

iL    P  +  n.    (P  +  n'>«*', 

iii    P  +  n.    (P  +  nV. 

iv.    P  +  n.    (ftr  +  nO"', 

T.    P  +  n.    (Pr  +  ny^^ 

vL    P  +  n.    ftr  +  n\ 

viL    P  +  n.    Pr  +  n', 
viii.    Pr  +  n.  Pr  +  n'. 
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L  P  4-  n.  P  +  n'. 
The  bases  of  the  forms  contained  in  this  combination 
are  similar  to  each  other,  because  these  forms  are  membera 
of  one  and  the  same  series,  and  no  different  position  can 
have  any  influence  upon  them,  whatever  members  of  the 
aeries  maj  be  combined.  The  edges  of  combination,  there- 
fore, become  horizontal  for  every  value  of  n  and  n',  even 
though  this  be  ss  4*  oo  or  b  — .  oo.  The  same  reasoning 
applies  to  all  such  combinations  as  are  produced  by  simple 
forms  of  similar  bases,  and  inversely,  horizontal  edges  of 
combination  maj  be  considered  as  a  certain  character  of 
this  property  of  forms,  as  is  evident  from  the  derivation  of 
the  series  itself  and  of  its  limits.  Ex.  P  —  oo  (P\ 
|P  —  1  (*),  P  (o)  and  P  +  «  (JIf )  in  prismatic  Topaz. 
VoL  n.  Fig.  34. 

iL  P  +  n.  (f  +  nO< 
Let  n'  be  ss  n ;  and  the  forms  accordingly  co-ordinate 
ones.  The  fiices  of  P  +  n,  meeting  in  their  more  obtuse 
terminal  edges,  appear  in  the  place  of  those  terminal  edges 
of  (p  4-  n)"^,  which  are  situated  contiguous  to  the  prolonged 
diagonal,  and  the  edges  of  combination  will  be  f^raHel 
among  themselves,  and  to  the  above  mentioned  edges  of  the 
two  pyramids.  This  parallelism  follows  from  the  simulta- 
neous increment  of  the  axis  and  of  the  variable  diagonal  of 
(P  +  nr  (§.  94.). 

iiL  P  +  n.  (P  +  nO"'. 
Let  n'  be  a  n.  Every  thing  is  as  in  ii. ;  except  that  the 
faces  of  P  +  n  meeting  in  the  more  acute  terminal  edges, 
appear  in  the  place  of  the  similarly  situated  terminal  edges 
of  (P  +  ny^.  This  likewise  follows  from  §.  94.  Ex.  P  (/>) 
and  (P)*  (a)  in  prismatic  Melane^lance.    YoL  U.  Fig.  34. 

iv.    P  +  n.  (Pr  +  nQ™'. 
Let  n'  be  8s  n;  m  =  3.    The  combination  will  be 
P  +  n.  (Pr  +  n)«.     The  &ces  of  P  +  n  meeting  in  its 
more  obtuse  terminal  edges,  are  situated  in  the  place 
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of  the  corresponding  terminal  edges  of  (Ih  +  n)*.     Tlie 

edges  of  combination  are  parallel  to  each  other,  and  to  the 

*  above  mentioned  edges  of  the  pyramids.    For,  if  in  the 

general  co-efficients  of  (t^r  -f  n)°^  (§.  95.),  m  is  supposed 

Bs  3,  the  ratio  ^!Lti  2».  a    :    "  "*"  ^  c  becomes  equal 

2  m — 1 

to  2".  a  :  c,  which  is  identical  with  the  ratio  of  the  ana- 
logous lines  in  P  +  n.  Ex.  V  (P)  and  (Pr)*  (n)  in  Serpen- 
tine. VoL  II.  Fig.  33. 

If  m'  be  s  5,  and  n'  s  n  —  1,  the  same  situation  of  the 
edges  takes  place.  A  similar  result  is  obtained  by  substi- 
tuting 4  instead  of  m'.  In  this  case,  however,  the  pyra- 
mid, from  whicb  (P  +  ny^  is  derived,  would  not  be  one  be- 
longing to  the  same  series  as  P  4-  n,  but  it  wou)4  be  a  py- 
ramid belonging  to  that  subordinate  series  of  which  -  j  is 
tbe  co-efficient.  This  becomes  evident  fi:t>m  a  comparison 
of  tiie  general  co-efficients.  The  observed  parallelistn  of 
the  edges  in  one  direction  alone  is  therefore  insufficient  for 
the  determination  of  the  form,  if  there  is  not  anothet  da- 
tum supplying  this  want  from  another  side. 

v.  P  -H  n.  (Pr  +  n')«'. 
Let  n'be  as  n ;  m'  ass  3,  or  the  combination  P  +  n.  (Pr  -f  n)  ■• 
As  the  preceding  case  (iv.)  refers  to  the  more  obtuse  ter- 
minal edges,  so  the  present  one  applies  to  the  more  acute 
ones ;  which  is  evident  from  the  comparison  of  the  general 
co-efficients  of  the  forms  concerned.  The  situation  of  the 
edges  being  as  described  here,  if  m  be  supposed  to  assume 
such  values  as  do  not  make  m'  +  1  equal  to  a  power  of  the 
number  2 ;  the  p3rTamids  P  +  n  and  P  +  n'  will  not  be- 
long to  one  and  the  same  series. 

vL    P  +  n.  Ihr  +  n'. 

The  pyramids  and  horizontal  prisms  considered  here  are 
supposed  to  belong  to  one  and  the  same  series. 

Let  n'  be  as  n.  The  iaces  of  the  horizontal  prism  ap- 
pear in  the  place  of  the  acute  terminal  edges  of  the  pyra- 
mid, and  the  edges  of  combination  are  parallel  among  each 
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Other,  and  to  the  above  mentioned  terminal  edges  of  the 
pyramid,  which  is  evident  from  the  derivation*  The  same 
takes  place  for  (^  +  n)".  Pr  -i-  n',  and  if  m  be  b  3,  also 
for  (ftf  +  n)».  Pr  +  n';  and  it  is  therefore  a  very  us^ul 
and  evident  datum  for  the  determination  of  forms.  Ex> 
P  (P)  and  ih:  (p)  in  diprismatic  Olive-malachite.  VoL  IL 
Fig.  5. 

vii.  P  +  n.  Pr  +  n'. 

1.  What  has  been  said  in  vi  of  the  acute  terminal  edges 
of  P  4-  n,  applies  here  on  the  same  supposition  to  the  ob» 
tuse  ones,  in  the  combination  P  +  n.  Pr  +  n,  as  well  as  in 
those  of  (P  +  n)».  1^  -f  n,  and,  in  the  case  of  m  s  3,  also 
to  (Pr  +  n)».  ihr  +  n.  Ex.  P  (o)  and  Pr  (P)  in  ^prisma- 
tic  Iron-ore.  YoL  II.  Fig.  '4. 

fi.  Suppose  now  a  triple  combination,  whose  cijstaUo- 
graphic  sign  is 

P .+  n.  Pr  +  n'.  Pr  +  n", 
and  in  this  n'  a  n,  n^'  «  n_  ] ;  the  fiices  of  Pr  +  n'^  will 
assume  a  rhombic  figure  in  the  combination. 

Let  AM,  Fig.  71-9  represent  part  of  the  axis,  MB  one  of 
the  diagonals,  and  B6  part  of  that  terminal  edge  of  the  pjrra- 
inid  P  +  n,  which  is  contiguous  to  B6 ;  FGHI,  F6H1' 
will  be  the  &ces  of  the  horizontal  prism  Pr  +  n. 

The  rhomb  AQBT  is  a  fiice  of  the  horizontal  prism 
Pr+n'';  AN  is  »  NB',  the  triangle  NB'N' therefore sind. 
lar  to  the  triangle  AB'M',  and  equal  and  similar  to  the 
triangle  NGA.    Hence  N'N  =>  NO  »  ^  N'O. 

The  line  NO)'  is  at  the  same  time  -the  diagonal  of  the 
pyramid  P  4*  n,  and  of  the  pyramid  P  +  n'',  to  which  the 
horizontal  prism  Pr  +  n''  belongs.  N'G  therefore  repre- 
sents the  axis  of  the  first,  N^  that  of  the  second  pyramid, 
and  from  the  ratio  of  these  s  2  ]  1,  we  infer  that  n^  is 
^n— 1. 

8.  If  instead  of  P  +  n,  the  triple  combination  contains 
the  vertical  prism  P  +  od,  and  n'  is  »  n'',  the  faces  of  aU 
the  three  forms  become  rhombs.  The  rhombic  figure  of  the 
ftces  of  a  horizontal  prism,  if  produced  by  the  intersection 
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with  such  forms  as  are  known,  will  always  suffice  for  its 
pexfiect  determination. 

viiL  ?r  -I-  n.  Pr  +  n'. 

1.  Let  n<  be  ss  n.  The  combination  ^  +  n.  Pr  +  n  will 
be  the  intermediate  form  belonging  to  P  +  n  (§.  97«)* 

2.  If  the  two  forms  do  not  belong  to  one  and  the  same 
series,  due  attention  must  be  given  to  the  co-efficients  of 
the  different  series.  If  n  or  n'  become  infinite,  the  edges 
of  combination  are  parallel  to  the  terminal  edges  of  that 
scalene  four-sided  pyramid,  to  which  the  finite  prism  be- 
longs, whatever  may  be  its  co-efficient. 

3.  If  both  n  and  n'  are  a  +  oo,  the  combination  P  -.  oo. 
Ihr  +  00.  Pr  +  00  is  transformed  into  a  right  rectangular 
prism,  whose  transverse  section  is  an  oblong.  This  prism 
must  not  be  confounded  with  the  right  rectangular  four- 
sided  prism  of  the  p3rramidal  system,  whose  transverse  sec- 
tion is  a  square,  and  whose  crystallographic  sign  may  be 
either  P  —  oo.  P  +  oo  or  P  — .  oo.  [P  +  oo]. 

§.  153.   HEMI-P&ISMATIC  COMBINATIONS. 

A  combination  pofisesses  a  HemuprismaHc  Cha^ 
racier^  if  one  or  several  of  the  forms  contained  in 
it,  and  bearing  to  each  other  the  general  relations 
of  those  in  the  prismatic  system,  appear  only  with 
half  the  number  of  their  faces,  or  in  which  these 
faces  shew  differences  in  their  angles  referring  to  an 
axis  which  is  inclined  in  a  plane  perpendicular  upon 
the  base,  and  passing  through  one  of  its  diagonals. 

The  hemi-prismatic  combinations  depend  upon  the  fim- 
damental  form,  g.  C8.  Fig.  41.,  whose  axis  is  inclined  in  a 
plane  perpendicular  to  the  base,  and  passing  through  one  of 
its  diagonals. 

The  hemi-prismatic  forms  are  designated  like  the  pris- 
matic ones,  with  that  difference  only,  that  the  signs  of 
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those  forms,  of  whidi  odIj  half  the  numher  of  fiices  appear, 
receive  the  additional  divisor  2 ;  and  that  those  fiices  which 
are  turned  towards  the  ohserver,  contiguous  to  the  upper 
apex,  are  provided  with  the  sign  +9  while  those  contigu- 
ous to  the  same  apex,  hut  on  the  opposite  side,  are  distin- 
guished hy  the  sign  —  . 

OnLy  a  few  ohservations  shall  he  made  in  the  present 
place  on  these  combinations,  in  order  to  explain  their  ge- 
neral appearance. 

If  the  inclination  of  the  axis  be  supposed  s=  0,  the  com- 
bination of  P  —  00  with  P  +  00,  or  with  (P  +  00) ", 
(Pt  +  00)*,  &c.  will  be  a  right  oblique-angular  four-sided 
prism,  which  is  a  compound  form,  bearing  altogether  the 
character  of  prismatic  combinations,  considered  above. 

But  if  the  axis  be  inclined  in  the  plane  of  the  greater 
diagonal,  or  if  the  inclined  face  of  the  horizontal  prism 

^       terminate  the  prism  P  +  00 ;  then  the  combination 
2 

will  assume  the  appearance  of  an  obUque-angular  four-sided 

prism,  the  basis  of  which  is  inclined  to  its  acute  lateral 

edges.    A  similar  prism  is  produced  bv  a  combination  of 

P— 00  or  of with  an  oblique-angularfbur-sided  prism, 

only  that  the  oblique  terminal  face  is  inclined  towards  the 

obtuse  lateral  edges  of  the  prism.    If  in   or    JLlB 

2  2 

n  becomes  s  +  00 ;  the  horizontal  prism  is  transformed 
into  a  pair  of  planes  parallel  to  the  axis  of  the  four-sid- 
ed prism,  and  these  faces  appear  with  parallel  edges  of 

combination,  in  the  case  of instead  of  its  acute  la- 

2 

teral  edges,  in  the  case  of  J—-  instead  of  its  obtuse  ones, 

the  prism  itself  remaining  unlimited  in  the  direction  of  its 
axis.  Combinations  of  this  Mnd  cannot  be  distinguished 
from  the  prismatic  ones  P  +  »•  t^r  +  00,  and  P  +  ee. 
Pr  -I-  00,  unless  some  other  faces  be  present,  which,  hy  their 
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inclination  upon  the  axis,  shew  the  hemi-priflmatic  character 
of  the  comhination. 

Supposing  again  the  inclination  of  the  axis  to  be  k  0, 
the  triple  combination  P  —  oo.  ^r  -f  oo.  Pr  +  oo  will  be  a 
right  rectangular  four-sided  prism,  its  base  an  oblong  rect- 
angular &oe,  and  the  combination  itself  a  prismatic  one,  as  it 
appears  from  what  has  been  stated  aboFe,  §.  152.  The  same 
triple  combination  P  — oo.  Pr  -f  oo.  Pr  rf  eo,  upon  the  sup- 
position  of  the  axis  being  Inclined  in  the  plane  of  the 
longer,  or  the  shorter  diagonal,  or  the  triple  combinationa 

?L13.   Pr  +  O).  Pr  +  CO   or  £l±5.   Pr  +oo.  Pr  +  co, 
2  2 

appear  as  oblique  rectangular  four-sided  prisms,  two  &ce8 
of  which  are  perpendicular  to  the  rectai^ular  base,  while 
the  two  others  produce  with  it  horizontal  edges  of  combi- 
nation, supplemental  to  each  other. 

\  The  axis  is  not  always  inclined  to  the  base  at  the  same 

angle,  but  varies  according  to  the  different  species  in 
which  it  occurs. 

Prismatoidal   Gjpsum-haloide,   prismatic    Azure-mala- 

'  chite,  paratomous,  bemi-prismatic  and  prismatoidal  Augite- 

spar,  may  be  quoted  as  examples  of  hemi-prismatic  combi^ 
nations. 

§.  154.   TKTAUTO-PRISMATIC  COMBINATIONS.  ' 

The  TetartO'prismatic  Character  of  a  combina* 
tion  requires,  that  of  the  forms  which  consdtute  it, 
the  scalene  four-sided  pyramids  shew  only  one- 
fourth,  and  the  prisms,  both  horizontal  and  ver* 
tical,  only  one-half  the  number  of  their  faces,  or 
that  these  faces  are  distinguished  from  each  other 
by  their  angles,  which  refer  to  an  axis  inclined  in  a 
plane  perpendicular  upon  the  base,  and  passing 
through  neither  of  its  diagonals. 
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Tetarto-prismatic  combinations  consist,  like  the  prisma- 
tic and  the  hemi-prismatic  combinations,  of  forms,  whose 
general  relations  to  each  other  are  those  developed  for  the 
prismatic  system. 

The  tetarto-prismatic  combinations  depend  upcm  the 
fiihdamental  form,  §•  08.,  Fig.  42.,  whose  axis  is  inclined 
in  a  plane  which  is  perpendicular  to  the  base,  and  passes 
through  neither  of  its  diagonals. 

The  designation  of  tetarto-prismatic  foims  must  dis- 
tinguish all  the  fiices  of  the  pyramid  contiguous  to  one  and 
the  same  apex.    Thus  the  face  BAC  being  turned  towards 

P 

the  observer  on  his  right  hand,  is  noted  r  — ,  BAC^  to  his 

4 
p 
left  is  noted  1 .  ;  on  the  opposite  side  the  fiue  B'AC  tum- 

p 

ed  to  his  right  hand  is  distinguished  bj  —  r_ ,  the  fiice 

p 
B'AC  turned  to  the  left  by  —  1  _  .    In  the  same  manner 

4 

also  the  front  and  back  faces  of  the  horizontal  prisms  be- 
longing to  the  diagonal  BB',  and  the  right  and  left  frees 
of  the  horizontal  prisms  belonging  to  the  diagonal  CC  are 

indicated  bjr  t  1L±1^  and  f-fi±A  the  latter   of 

2  *         2 

which  extends  also  to  those  prisms  whose  axis  is  parallel 

to  the  principal  axis  AA'  of  P. 

P  4-  n 
The  tetarto-prismatic  combination Z_.  P  +  oo  f^ves 

an  oblique  oblique-angular  four-sided  prism,  in  which  the 
alternating  edges  mutuaUy  are  supplemental  of  each  other. 
Two  of  them  assume  a  horizontal  position,  if  the  inclina- 
tion of  the  axis  is  s  0.  But  if  the  angle  of  inclination  is 
an  appreciable  magnitude,  or  if  these  forms  do  not  belong 
to  one  and  the  same  series,  none  of  the  edges  of  combina- 
tion can  become  horizontal. 

The  tetarto-prismatic    combination    I—.    Jhr  +  oc. 

Pr  +  09  is  an  oblique  four-sided  prism,  in  which  none  of  the 
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edges  of  comlunatioii  are  horizontaL  This  prism  is  recU 
angular  if  the  base  of  the  fundamental  form  is  a  rhomb, 
but  its  transverse  section  will  differ  more  or  less  from  a 
rectangular  figure,  if  this  base  be  a  rhomboid. 

JEzampIes  of  tetarto-prisnutic  combinations  occur  in  te- 
tarto-prismatic  Vitriol-salt,  in  several  species  of  the  genus 
Feld-spar,  in  prismatic  Axinite,  and  other  species. 

§•  155.   DETELOPEMENT   OF    P&I8KAT1C    COMBINA- 
TIONS. 

The  following  developement  will  fully  explidn 
the  application  of  what  has  been  stated  above  in 
respect  to  binary  combinations. 

Fig.  72*  represents  a  prismatic  combination,  indetermi- 
nately designated  bj 


P  +  n.  P  +  n^  {  jf^  I  ^"j:}  •  li+n"». 

be  d  c 

Pr  +  n-.Pr+o>.P+«.    {f^r+S^}' 
a  h  f  g 

Among  the  simple  forms,  constituting  this  compound 
one,  two  are  immediatelj  determined,  P  +  eo  (/)  and 
?r  +  00  (A). 

If  we  suppose  n'  =  0,  P  +  n'  («)  becomes  »  P,  that  is 
to  saj,  the  fundamental  form.  On  account  of  the  parallel 
edges  of  combination  between  P  and  ^1^  +  n™  (c),  n™  is 


*  In  the  indeterminate  designation  both  the  signs 
(g.  192.  195.)  are  made  use  of  before  the  forms  have 
been  determined,  till  it  appears  from  the  developement  ac- 
cording to  the  reasons  given  above,  which  of  the  two  u  to 
be  retained. 
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also  B  n>  a  0  l§.  158.  tL)  ;  and  conaequentlj  ft  +  n^'' 
=  Pr. 

The  ftces  of  the  horizontal  prism  Pr  +  n>v  (a)  appear  as 
riiombs  if  combined  only  with  F  and  Pr,  This  horizontal 
prism  therefore  is  «  Pr  —  1  (§.  153.  tiL). 

The  same  horizontal  prism  produces  parallel  edges  of 
combination  with  P  +  n  (^)9  in  the  place  of  its  more  ob- 
tuse terminal  edges.  Hence  Pr  — .  1  and  P  -f  n  are  co- 
ordinate forms,  n  is  as  —  1,  and  P  +  n  ss  P  —  1. 

The  horizontal  prism  Pr  belongs  to  P.  But  at  the  same 
time  it  also  belongs  to,  or  produces  parallel  edges  of  com- 
bination with  dj  or  that  scalene  fi>ur-aded  pjnunid  of  a 
dissimilar  section  with  P,  whose  double  representative  sign 
has  been  expressed,  either  by  (P  +  n")"  or  by  (Pr  -f  n")». 

If  we  suppose  the  corresponding  finite  diagonals  of  the 
horizontal  prism,  and  the  mentioned  pyramid  to  be  equal ; 
the  axes  of  the  two  forms  must  necessarily  be  also  equal, 
and  since  Pr  belongs  to  P,  the  same  applies  to  this  funda- 
mental pyramid ;  and  hence  we  infer  that  the  ratio  of  the 
said  diagonal  in  the  secondary  pyramid  to  its  axis  is  the 
same,  which  takes  place  in  the  analogous  lines  of  the  fun- 
damental form  itself. 

Suppose  in  the  pyramid,  which  is  to  be  determined,  the 
ratio  of  the  three  perpendicular  lines,  equal  to  a' :  b' :  c'. 
(§.  53.  8.) ;  we  have 

a':  b'»a:  b. 

The  horizontal  prism  Pr  —  1  belongs  to  P  —  1,  but,  on 
account  of  the  parallel  edges  of  combination,  also  to  the 
pyramid  tL    If  we  proceed  in  comparing  the  axis  and  the 
diagonals  as  above,  we  find  the  ratio  of 
a':  c'an  (a:  Cssas  2.  c; 
and  therefore  the  ratio  of  all  the  three  lines 
a' :  b' :  c'  a  a :  b :  2.  c 

If  now  we  compare  the  co-efficients  of  this  ratio  with 

the  general  co-efficients  for  (P  +  n)»  (g.  94.) ;  that  la  to 
say 

1:1:2, 

Vith  2".  m     :     1     :    m ; 
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we  find  ina2,na-.l;and  therefore 

(p  +  n")«  «  (P  —  1)«. 
Bj  comparing  them  in  the  aame  way  with  those  for 
(?r  +  n)«  (§.  96.),  or 

1        :     1     :    2 

with         SJtia-:     1      :    ?i±i; 
3  m—1 

we  have  mad,  n  &  —  1,  and 

(ft-  +  n")«  «  (ft  —  I)». 

In  leepect  to -the  dimensions  of  the  forms,  it  is  quite  in« 
different  which  of  the  two  designations  we  emploj,  for 
tbej  both  express  exactly  the  same  thing.  Yet  on  account  of 
the  number  of  derivation  3,  for  the  analogy  with  the  pyra- 
midal system,  we  rather  prefer  the  latter.  The  vertical 
prisms  become  evident  from  the  consid^ation  of  their  be- 
longing to  the  pyramids.  One  of  them,  ^  is  P  +  oo  on 
account  of  its  horizontal  edges  at  the  intersection  with  P ; 
while  the  other,  g^  is  (ft  +  oo)*,  because  the  edges  of  com- 
bination of  this  prism  with  (ft —  1)'  are  horizontaL 

The  definite  designation  of  this  compound  form  will 
therefore  be,  according  to  the  preceding  developement, 

ft-— .1.    P  — 1.    ft.    (ft— 1)».    P. 
a  be  d  e       ^ 

P  +  00.    (ft  +  09)«.    ftr  +  00. 
/  ^  A 

§.  156.   TESSULAB  COMBINATIONS. 

A  oomUnation  of  the  tessular  system  is  more 
particularly  said  to  possess  a  Tesstslar  Characiery 
if  it  contains  the  faces  of  the  original  forms  pecu- 
liar to  this  system  (§.121 — 127.)>  without  any 
halves  or  fourths  (§.  1S8.). 

It  would  be  superfluous  to  enter  here  into  a  minuter 
detail  of  the  binaiy  combinations,  comprised  under  this 
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head.  Every  thing  necessary  to  know  of  them  follows  im- 
mediately  from  their  derivation  from  the  hexahedron,  if 
we  only  attend  to  the  different  positions,  whidi  the  &oet 
of  the  forms  combined  assume  in  respect  to  the  difieieat 
axes.  Hence  even  the  angles  of  incidence  at  the  edges  <tf 
combination  may  immediately  be  deduced  for  those  fixrms 
whose  dimensions  are  invariable,  their  &ces  being  perpen- 
dicular  to  one  of  the  three  kinds  of  axes  (§.  40.).  For 
these  angles  of  intersection  between  the  &cea  of  such 
forms,  and  the  angles  at  the  centre  produced  by  those 
axes,  which  are  perpendicular  to  these  fiuses,  must  be  sup- 
plemental to  each  other.  The  algebraic  formulse  given  for 
the  different  systems  of  variable  dimensions,  may  also  be 
employed  for  obtaining  the  angles  both  of  simple  fonns 
and  of  combinations  of  the  tessular  system.  For  this  pur- 
pose, the  simple  forms  peculiar  to  the  tessular  system,  or 
rather  parts  of  them  contained  under  fiuses  similarly  situ- 
ated in  respect  to  a  single  axis  considered  as  the  principal 
one,  may  be  considered  as  forms  belonging  to  one  of  the 
preceding  systems.  In  this  case  every  thing  applies  to 
them,  that  has  been  above  stated  in  respect  to  binary  com- 
binations. If,  for  instance,  the  hexahedron  be  considered 
as  a  rhombohedron  s=  R ;  the  horizontal  iiu:es  of  the  octa- 
hedron will  represent  R  —  oo,  the  inclined  ones  R  +  1 ; 
find  the  combination  of  the  hexahedron  and  the  octahedron 
supposed  to  be  a  rhombohedral  combination,  will  be  ex- 
pressed by  R  —  00.  «R.  R  +  1.  As  a  tessular  combina- 
tion, its  crystallographic  sign  is  H.O  (§.  121.  134.).  If  we 
consider  the  octahedron  as  an  isosceles  four-sided  pyramid 
of  the  pyramidal  system,  and  designate  it  accordingly  by 
P,  the  horizontal  fiices  of  the  hexahedron  will  assume  the 
situation  of  P  —  oo,  while  the  vertical  ones  assume  that  of 
[P  +  oo] ;  thus,  for  the  sake  of  applying  the  calculations, 
P  —  00.  P.  [P  +  oo]  will  express  the  same  combination 
of  the  hexahedron  and  the  octahedron. 

This  process  also  extends  to  combinations  produced  by 
more  than  two  simple  forms.  Suppose,  for  instance,  a  com- 
bination of  the  hexahedron,  the  octahedron,  the  dodecahe- 


\ 
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droo,  and  the  first  variety  of  the  digrammic  tetnigonal-ico- 
sitetrahedrons,  to  be  considered  as  a  rhombohednd  combina- 
tion, of  which  the  hexahedron  is  the  fundamental  form 
R  s  90^  The  octahedron  is  consequently  ss  B  —  oe. 
B  +  1 ;  the  dodecahedron  »  R  —  1.  P  -f  eo ;  and  the  di- 
grammic tetragonal-icositetnihedron  ss  R^^2.  (P-«l)'. 
R  +  00.  The  entire  tessular  combination  expressed  as 
a  compound  form  of  the  ihombohedrai  system,  is  therefore 
=  R  —  00.  B  —  2.  R  —  I.  R.  (P  —  1)».  R  +  1.  R  +  00. 
P  +  00.  It  may  here  be  observed,  that  besides  other  forms, 
this  combination  contains  four  consecutive  members  of  one 
series  of  rhombohedrons,  one  of  which  is  R  ss  90^  The 
dengnation  of  this  compound  form,  as  belonging  to  the  tes- 
sular system,  is :  H.  O.  D.  At. 

It  is  evident  that  this  may  likewise  yield  a  method  of 
finding  the  dimensions  of  the  different  varieties  of  such 
forms,  as  possess  fiices  not  perpendicular  to  any  axis,  of 
icoeitetrahedrons,  of  tetracontaoctahedrons,  &c. 

§.  157.    SEMI-TESSULAB  COMBINATIONS. 

A  combination  of  the  tessular  system  assumes  a 
Semi4essular  Character,  if  it  contains  one  or  more 
Halves.  The  semi-tessular  combinations  must  far- 
ther be  distinguished  into  semi-tessular  combina- 
tions i^ parallel  Jhcea,  and  of  inclined  faces^  accord- 
ing to  the  kind  of  halves  which  they  contain  (§.  128.). 

Among  those  binary  semi-tessukur  combinations,  which 
contun  only  one  Half^  there  are  two  in  particular  deserving 
of  notice.  The  first  of  them  is  the  combination  of  the  octahe- 
dron with  one  of  the  hexahedral  pentagonal-dodecahedrons. 
The  faces  of  the  octahedron  appear  as  equilateral  triangles 
in  the  place  of  the  rhombohednd  solid  angles  of  the  penta- 
gonal-dodecahedron. If  all  the  faces  of  the  combination 
become  triangles,  the  form  produced  is  contained  under 
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eight  equilateral  triangles,  originating  from  the  octahedron^ 
and  twelve  iaosoeles  triangles  mnginating  from  the  hexahe^ 
dral  pentagonal-dodecahedron.  This  form  has  been  called 
the  leoMohedron  of  Mineralogy.  The  icosahedron,  however, 
is  not  a  simple  form ;  and,  on  this  account,  it  receives  no 
particular  name  in  the  systematic  nomenclature  of  forms 
(§.  49.). 

The  other  is  the  combination  of  the  hexahedron  and  the 
trigrammic  tetnigonal4co8itetrahedron.  The  faces  of  the 
hexahedron  appear  in  the  figure  of  rhombs  in  the  place  of 
the  prismatic  solid  angles  of  the  icositetrahedron ;  and  if 
they  are  enlarged  till  all  the  faces  limiting  the  combination 
become  tetragons,  the  result  is  that  form  which  has  been 
called  the  Triacontdhedron  of  Minendogjr.  This  form  is  con- 
tained under  six  rhombs  and  twentj-four  trapezoidal  &ces, 
the  one  and  the  other  equal  and  similar  among  themselves. 
It  is  not  a  simple  form ;  and  therefore  as  little  entitled  to 
a  peculiar  systematic  name  as  the  icosahedron* 

If  two  forms  occur  at  the  same  time  in  a  combination, 
we  must  attend  to  their  position,  whether  thej  are  both  in 
the  normal  position,  or  whether  one  of  them  is  in  the  nor- 
mal while  the  other  is  in  the  inverse  position  $  for  the  ge- 
neral appearance  of  the  combination  is  very  much  influ- 
enced by  this  difference. 

The  two  semi-tessular  combinations  of  parallel  fiiceo. 
Figs.  75.  76.,  contain  the  same  halves ;  with  this  difference 
only,  that  one  of  them  in  Fig.  76.  is  the  inverse  of  the 

nme  in  Fig.  75.,  the  former  being  the  combination  — 1  («). 

2ii 

Zi  (/),  and  the  ktter  the  combination  —  AL  {«>  Zi  (/)  : 
2  il  2  ii         2  ii 

and  although  the  general  appearance  of  the  two  forms  ia 

very  different,  yet  an  accurate  comparison  of.  the  fiu»s 

will  easily  shew  their  identity.    Both  of  them  occur  in 

hexahedral  Iron-pyrites. 

The  semi-tessular  combinations  of  inclined  faces,  Figs. 

77.  78.,  likewise  contain  similar  halves,  but  Fig.  77»  will  be 
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designated  by  2^P>  ^(0,  while  Fig.  78.  ir expressed 

2  2 1 

by  — (P). .*(r),  since  the  trigonal-dodecahedron  r  in 

2  2 1 

the  Ulter  combination  is  the  inyerse  of  the  trigonal-dode- 
cahedron /  in  the  former,  the  tetrahedron  in  the  normal 
position  being  common  to  both.  These  combinations  oc- 
cur in  tetrahedral  Copper-glance. 


IV.  OW  THE  IXPERFECTXOVS  OF  CRYSTALS  IK  RESPECT  TO 

THEIR  TOSK. 

§.  168.  TWO  KINDS  OF  THIS  IMPERFECTION. 

The  imperfections  of  crystals  in  respect  to  their 
form,  ori^nate  either  in  the  very  formation  of  the 
crystals  themselves,  or  they  are  the  consequence  of 
the  contact  of  these  with  other  minerals. 

The  imperfections  of  the  crystalline  forms  are  deviations 
from  that  regularity  which  has  been  supposed  to  take  place 
in  the  preceding  considerations  of  forms.  This  regularity 
requires  the  Cues  of  crystals  to  be  planes  of  a  certain 
figure  and  extent,  and  the  edges  in  which  they  intersect 
each  other  to  be  straight  lines.  It  is  very  seldom  met  with 
in  nature,  perhaps  never,  if  we  examine  the  natural  pro- 
ductions with  the  utmost  accuracy ;  the  deviations  which  it 
presents  are  founded  in  some  cases  upon  the  formation  of 
t^ie  crystals  themselves,  if  we  find  ourselves  entitled  to  sup- 
pose that  nothing  external  has  had  any  influence  upon  the 
quality  of  the  form ;  in  other  cases  they  depend  upon  the 
contact  into  which  one  crystal  has  come  with  another;  for 
this  is  the  means  by  which  one  of  them  could  influence 
the  shape  of  the  other.  The  most  interesting  of  these  ob- 
jects is  the  consideration  of  the  first  kind  of  these  imper- 
fections.   The  other  will  be  considered  mors  at  large  when 

VOL.  I.  o 
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*  treatiog  of  con^und  minenls ;  at  present  it  is  only  ne. 
ceaaary  to  examine  in  what  shape  an  individual  wiU  ap- 
pear, which  is  prevented  from  assuming  its  regular  finrm 
by  some  external  obstacle. 

§•  159.  DEYIATIOKS  FROM  KEGULABITr^  DEPENl)- 
IN6  UPON  THE  FOKMATION  OF  THE  IKDIVIDOALS 
THEHSELVES. 

Those  deviations  from  the  regularity  of  crystal- 
line forms,  which  arise  from  the  formation  of  the 
individuals  themselves,  refer  both  to  simple  forms 
and  to  combinations.  They  appear  either  in  the  size 
and  figure,  or  in  the  physical  quaKty  of  their  faces. 

The  deviations  from  regularity  take  place  in  two  differ- 
ent ways  I 

1,  Bj  the  disproportionate  and  irregular  enlargement  or 
decrease  of  some  of  the  faces,  or 

8,  Bj  their  curvature,  or  in  general  bj  the  property  of 
not  being  mathematical  planes. 

With  respect  to  the  first,  it  must  here  be  observed,  that  the 
regular  enlsigement  of  certain  faces,  considered  above  in  the 
combinations  called  hemi-rhombohedral,  hemi-pyramidal, 
&C.,  does  not  enter  within  the  limits  of  our  present  exami« 
nation ;  on  the  contrary,  simple  forms  and  combinations  of 
that  land  may,  as  well  as  any  others,  be  sul^ject  to  those 
deformities  of  which  we  are  now  treating. 

We  find  many  examples  of  such  irregularities  in  simple 
forms.  The  fkoes  of  the  hexahedron,  for  instance,  very 
often  are  not  squares,  but  oblong  or  rectangular  figures ; 
sometimes  only  two  of  them  are  squares.  Of  the  &ceB  of 
the  octahedron,  four  become  irregular  tetragons,  and  two 
equiangular  hexagons.  The  whole  form  of  the  dodecahe- 
dron is  sometimes  elongated  or  shortened  in  the  direction 
of  one  of  its  axes :  if  this  be  a  rhombohedral  one,  the 
form  will  assume  the  aspect  of  a  combination  of  the  rhom- 
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bobedral  system  \  if  it  be  a  pTiamidal  axis,  the  dodecahe^ 
dron  will  assume  the  appearance  of  a  combukation  of  the 
pjramidal  system ;  and  if  it  be  a  prismatic  axis,  it  will  have 
the  aspect  of  a  combination  of  the  prismatic  system.  The 
same  changes  are  sometimes  met  with  in  the  digrammic 
tetragonal-icositetrahedroo.  It  is  also  a  case  not  unfre» 
quently  occurring,  that  single  &ces  are  enhuged  in  the 
manner  just  described,  of  which  the  isosceles  six-sided  pyTR" 
mids  of  rhombohedral  Quartz  may  be  quoted  as  a  remade- 
able  instance. 

It  will  not  be  amiss  to  mention  here  the  following  pre- 
cautions, in  order  to  avoid  the  errors  into  which  such  irregu- 
larities might  lead.  First  of  all,  those  angles  must  be  care- 
fully examined,  in  which  the  faces  of  the  forms  intersect 
each  other.  Suppose,  for  instance,  a  form,  exhibiting  the 
aspect  of  a  vertical  oblique-angular  four-sided  prism,  com- 
bined with  a  horizontal  one,  which  belongs  to  the  long  dia* 
gonal  of  the  former,  but  whose  edges  are  all  ^  109"*  28'  le" 
and  W  31'  44" ;  this  form  will  be  the  octahedron.  If  in  a 
form  representing  a  rhombohedral  combination  of  R  +  n  and 
F  -f  00,  or  in  a  pyramidal  one  of  P  +  n  and  [P  +  ob],  all 
the  edges  are  =  120%  this  form  will  be  the  dodecahedron. 
A  fi)nn,  which  seems  to  be  hemi-prismatic,  and  composed 
of  an  oblique-angular  four-sided  prism,  and  half  the  num- 
ber of  the  fiu:es  of  a  horizontal  one,  if  the  edges  of  combi- 
nation prove  to  be  equal  to  those  of  the  prism,  is  not  what 
it  appears,  but  it  is  a  riiombohedron.  If^  on  the  contrary, 
in  a  solid  contained  under  nx  rhombic  faces,  those  edges 
which  represent  the  terminal  edges  of  the  riiombohedron, 
be  not  equal,  the  solid  itself  will  not  be  a  rfaombohedron, 
but  a  henu-prismatic  form  of  the  description  given  above. 

In  the  second  place,  it  is  necessary  to  attend  to  those 
forms  which  enter  into  combinations  with  the  one,  respect- 
ing the  determination  of  which  there  exists  some  uncer- 
tainty. 

If  in  a  right  rectangular  four-sided  prism,  instead  of  one 
or  more  of  its  solid  angles,  we  observe  equilateral  triangles, 
the  form  will  be  the  hexahedron ;  if  these  triangles  be  iso- 
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scdes,  the  f&rm  will  be  the  right  rectangular  fonr-nded 
prism  of  the  pyramidal  system;  and  should  they  be  Bcaleiie, 
we  have  reason  to  suppose  (§•  150.),  that  the  form  in  ques- 
tion will  be  the  right  rectangular  four-sided  prism  of  the 
prismatic  system. 

In  similar  cases,  the  forms  of  cleavage  (§.  167.)  allow 
very  often  the  same  application  as  crystalline  forms.  The 
octahedral  Fluor-haloide  may  serve  as  an  example;  the 
angles  of  a  right  rectangular  four-sided  prism  of  this  spe- 
cies may  be  taken  away,  or  broken  off,  by  equilateral  tri- 
angles, which  are  fiuses  of  deavage.  The  figure  of  these 
triangles  proves  the  form  to  be  the  hexahedron,  although 
perhaps  not  one  of  its  fiuses  is  a  square.  The  following 
chapter  will  contain  forther  observations  on  deavage. 

In  the  third  place,  the  quality  of  the  foces  (Chap.  III.) 
must  be  considered.  Nothing  is  more  easy  than  to  decide 
whether  aU  the  &ces  under  which  a  form  is  contained,  are 
of  the  same  quality,  or  whether  they  differ  fiiom  each  other 
in  this  respect.  If  this  quality  is  Uie  same  in  all  the  fkoes, 
the  form  may  be  a  simple  one ;  if  it  is  different,  the  form 
must  be  a  combination  of  at  least  as  many  simple  forms,  or 
symmetrical  halves  and  fourths,  as  there  are  differences  ex- 
isting in  the  qualities  of  the  faces.  A  right  rectangular  four- 
aded  prism,  contained  under  fooes  of  three  difierent  quali- 
ties, must  belong  to  the  prismatic  system.  If  the  foces  pre- 
sent only  two  different  qualities,  the  form  may  belong  to  the 
pyramidal  system,  though  by  tins  description  of  Uie  faces  it 
is  not  yet  exduded  firom  the  prismatic  system ;  and  it  may 
belong  to  the  tessular  S3r8tem,  if  all  its  forms  are  exactly 
of  the  same  quality.  In  this  last  case,  however,  the  form 
Is  not  exduded  from  any  one  of  the  other  two  systems. 

The  same  is  evidently  applicable  to  combinations.  It 
sometimes  happens  that  some  of  the  fiices  belonging  to  the 
simple  forms  which  the  combination  contains,  are  irregu- 
larly increased,  whilst  other  foces  belonging  to  the  same 
forms,  diminish  till  even  they  entirely  disappear.  This 
will  naturally  produce  differences  in  the  figure  of  the  faces. 
The  method  to  be  followed  in  occurrences  ci  this  kind  con- 
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fiiBta  in  reducing  the  homolofj^ous  &oe8  to  their  regular  size 
and  figure,  which  is  effected  hj  living  them  an  equal  dis- 
tance from  the  centre  of  the  form,  and  by  adding,  if  neces- 
sary, those  faces  which  do  not  appear  at  all  in  the  combina- 
tion ;  provided  the  observation  of  one  or  more  of  the  same 
simple  form  entitles  us  to  suppose  this  form  to  be  one  be- 
longing to  the  combination.  In  thus  completing  irre^- 
laily  limited  compound  fi>rms,  it  will  always  be  necessary 
to  reflect  on  the  possibility  of  the  forms  possessing  a  hemi- 
rhombohedral,  a  hemi-pyramidal,  a  semi-tessular,  Ac  dba- 
ZBCter.  I^  fijr  instance,  in  a  hexahedron  four  of  the  solid 
angles  are  replaced  by  equilateral  triangles  corresponding 
to  the  fiices  of  the  tetrahedron,  we  are  not  entitled  to  sup- 
pose that  the  four  remaining  solid  angles  too  should  be 
truncated,  because  in  this  case  it  is  the  tetrahedron,  and 
not  the  octahedron,  which  is  contuned  in  the  combination ; 
but  if  only  one  more  of  the  remaining  solid  angles  be  re- 
placed by  a  triangle  of  the  same  description,  then  we  are 
fully  entitled  to  add  the  rest  of  the  fiuses  required  for  the 
production  of  the  octahedron,  or  perhaps  of  two  tetrahedrons^ 
since  either  the  octahedron  or  two  tetrahedrons  are  seally 
contained  in  the  combination. 

Sometimes  the  combinations,  like  the  simple  forms,  are 
elongated  or  depressed  in  the  direction  of  one  of  their  axes ; 
and  they  assume  the  aspect  of  such  forms  as  belong  to  the 
system  to  which  the  lengthened  or  shortened  axes  refer. 
Examples  of  this  kind  occur  very  frequently  in  the  combi- 
nations of  the  hexahedron  and  the  octahedron  of  hexahedral 
Lead-glance.  The  crystals  are  sometimes  elongated  in  the 
direction  of  a  prismatic  axis,  or  depressed  in  the  direction 
of  a  rhombohedral  one.  The  latter  assume  the  appearance 
of  a  rhombohedral  combination,  while  the  former  possess  the 
aspect  of  a  combination  of  the  prismatic  system.  The  most 
common  form  of  rhombohedral  Quartz  is  a  combination  of  an 
isoscdes  six-sided  pyramid  P  with  the  rq^ular  six-aided 
prism  P  +  09  (YoL  IL  Fig.  145.,  abstraction  being  made  of 
the  fiices  t  and  /).  Very  often  this  combination  appears  flat- 
tened in  the  direction  of  a  prismatic  axis,  and  then  it  takes 
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the  aspect  of  acomUnaiion  of  ^.  P.  (Pr  +  oo)«.  thr  +  oo  of 
the  prismatic  sjatem,  much  resembling  VoL  II.  Fig.  10. 
Also  in  this  case  the  means  quoted  above  will  secure  us  from 
erron  which  a  little  practice  very  soon  teaches  to  avoid  in 
imperfectly  formed  varieties  of  crystallisations. 

The  curvature  of  ftces,  if  occurring  in  simple  Samoa, 
in  general  affects  all  the  fiu»s  at  once.  Thus  it  is  in  the 
hexahedrons  of  octahedral  Fluor-haloide  i  in  the  dodeca- 
hedrons, icositetrahedrons,  and  tetracontaoctahedrons  of 
octahedral  Diamond;  in  the  rhombohedrons  of  the  two 
species  of  Farachrose-I^aryte,  &c  Similar  imperfections 
produce  the  lenUcuhor  forms,  particularly  the  saddle-shaped 
lens  of  the  above  mentioned  species ;  which  is  more  correctly 
represented  in  Fig.  7d.  than  in  any  of  the  drawings  and 
models  hitherto  published,  in  which,  lor  the  greater  part,  it 
is  given  with  four  comers,  instead  of  six. 

In  combinations,  the  curvature  always  takes  place  upon 
homologous  fiu»s,  while  the  rest  are  not  affected  by  this 
deformity.  Examples  may  be  found  in  the  species  d[  pris- 
matddal  Gypsom-haldde,  of  paratomous  Augite^^ar,  of 
octahedral  Diamond,  &c 

Curved  edges  are  produced  by  the  intersection  of  curved 
foces ;  rounded  edges,  too,  arise  evidently  fix>m  the  curva« 
ture  of  the  adjoining  foces. 

From  the  preceding  considerations  of  the  irregularities 
ofcrystals,  it  is  plain  that  it  is  necessary  to  observe  the 
greatest  precautions  in  ascertaining  the  measures  of  their 
angles,  if  we  wish  to  obtain  useful  and  correct  results. 
The  inaccuracies  of  so  many  of  these  measurements,  are  not 
always  errors  arising  firom  the  imperfection  of  the  instru- 
ment, or  from  the  operation ;  but  very  often  they  are  the 
consequences  of  the  imperfection  of  the  crystals  them- 
selves.  Small  crystals  are  commonly  less  subject  to  these 
irregularities  than  huge  ones ;  and  to  this,  in  particular, 
the  great  advantage  must  be  ascribed,  which  the  Reflective 
Goniometer  possesses  over  the  common  one,  because,  in 
applying  the  former,  we  may  make  use  of  crystals  which 
are  smaller,  and  therefore  in  general  more  perfectly  formed, 
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while  the  oanunon  goniometer  xequires  cryBtals  of  a  kiger 
eize,  if  it  ahaU  be  applici^le  at  all,  and  these  are  but  xarelj 
fi>iind  in  the  necewary  perfiection. 

The  reflective  goniometer  must  neceaaarilj  be  employed 
tn  thoee  aoeurate  and  desultory  observations,  upon  which 
are  founded  the  determinations  of  the  angles  of  the  funda* 
mental  form,  and  consequently  also  the  dimensions  of  a 
natural-historical  species;  the  common  goniometer,  how- 
ever, will  always  be  found  sufficiently  accurate,  if  our  ob- 
ject be  only  to  discriminate  individuals^  or  to  find  out  the 
place  of  a  given  one  in  the  aystem?  b/  the  asaistanoe  of  the 
Characteristic 

Notwithstanding  all  the  variability  in  the  size  and  in 
the  figure  of  the  fiuses  depending  upon  it,  both  of  which 
may  be  referred  to  the  imperfect  formation  of  the  crystals ; 
yet  the  situation  of  those  feces  towards  each  other  will  be 
always  fiiund  constant  The  &ce»  of  forms,  both  simple 
and  compound,  constantly  intersect  each  other  at  the  same 
aqgles  which  they  would  produce  if  the  form  had  arrived 
at  the  highest  possible  degree  of  perfection,  which  depends 
upon  the  exact  equality  and  similarity  of  the  homologous 
fiues.  The  magnitude  of  the  axigles  is  constant.  This  re* 
marlrable  fiu;t  has  first  been  ascertained  and  demonstnte^ 
by  the  celebrated  Rome  de  l'Isle  ;  it  is  the  basis  upon 
which  is  founded  the  possibility  of  appfyingcrystallogniphy 
to  the  mineral  kingdom.  Doubts  have  been  raised  again^ 
the  correctness  of  that  law,  derived  firom  an  apparent  transi- 
tion of  certain  cxystalline  forms  into  others,  by  continual 
changes  in  the  magnitude  of  the  angles:  these  doubts, 
however,  immediately  disappear,  if  we  consider  the  crystals 
in  their  greatest  geometrical  perfection,  and  not  affected 
by  any  of  those  irregularities  to  which  they  are  subject. 
Hence  we  may  infer,  that  the  crystallisation  of  minenUSj 
from  the  simplicity  and  constancy  of  its  laws,  under  the 
appearance  of  the  greatest  variability,  deserves  on  that  ac- 
count to  be  called  the  most  remarkable  of  those  phenomena 
which  inoiganic  nature  pxepents  tp  the  observer, 


1116  T£EMI»OLOGY.  §.  160. 

§.  16D.  DEVIAXI0K8  FUOM  UBGULAEITY,  OEPKNl)- 
IKG  UPON  THB  CONTACT  WITH  OTHB&  INBI* 
VIDUALS. 

Crystals  may  either  touch  on  all  sides,  those  mi* 
nerals  to  which  they  are  adjoiniDg,  or  they  may  ad- 
here to  them  only  by  some  of  their  parts. 

Crystals,  surrounded  and  inclosed  by  the  solid  mass  in 
which  they  are  found,  or  in  which  they  have  been  formed, 
are  in  contact  with  this  mass  on  all  ndes.  This  mass 
may  either  be  homogeneous  (§.  23.)  to  that  of  the  ciystals, 
or  may  not  be  homogeneous  with  it.  In  the  first  case, 
the  regularity  of  the  form  is  almost  without  any  exception 
so  much  disfigured,  that  not  e^en  a  trace  of  it  will  re- 
main. One  of  the  individuals  prevents  the  other  individual, 
by  their  contact,  from  assuming  that  regular  fi>rm  which  is 
peculiar  to  it ;  and,  in  fiu;tj  we  have  very  often  occasion  to 
observe,  that  the  individual  really  assumes  this  regular 
form,  whenever  a  part  of  it  emerges  from  the  contact  with 
other  individuals. 

Examples  of  this  are  fi^uently  fi>und  in  the  compound 
varieties  of  rhombohedral  Lime-haloide,  and  of  other  spe* 
des.  The  individuals  in  these  compositions  are  real  crys- 
tals, which  only  have  been  prevented  by  their  mutual  contact, 
firom  assuming  their  peculiar  r^^ular  forms.  Very  often  we 
find  cavities  or  empty  spaces  in  the  interior  of  such  com- 
pound varieties ;  the  individuals  lining  these  cavities  pre- 
sent regular  forms,  wherever  they  do  not  touch  the  rest  of 
the  compound  mass. 

In  these  compositions  the  crystals  sometimes  lose  only 
the  regularity  of  their  form,  while  they  still  continue  to 
present  its  general  aspect.  Thus,  for  instance,  the  particles 
of  such  species  whose  forms  belong  to  the  tessuhir  system, 
often^have  their  three  dimensions  nearly  equal,  while  many 
of  those  of  other  systems  have  two  dimensions  greater  or 
less  than  the  third.  The  Syttem  of  CryttamiatUm,  hoteever^ 
WMWt  be  i9iftrred  ftrom  tM$  obiervuHon.    If  one  or  two  of 
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the  dimensioiia  diminiBh  much  in  dze,  the  indlTiduals  be« 
come  thin  laminie  or  fibzes,  of  which  the  latter  very  oftto 
are  much  thinner  than  a  human  hur. 

Naj,  thej  maj  even  withdraw  themselves  entirely  from 
observation,  if  the  third  dimension  too  nearly  disappears. 
Yet  the  compound  minezal  can  never  on  this  account  be 
transformed  into  a  simple  one*  This  sut^ject  will  be  ex« 
plained  more  at  lax^  in  Section  11. 

If  the  mass  which  surrounds  a  crystal,  and  this  ciystal 
itself,  are  not  homogeneous,  the  regularity  €f  the  latter  is 
not  slways  impaired.  A  crystal  which,  under  such  cir- 
cumstances, has  retained  its  regular  form,  is  said  to  be 
formed  imbedded^  and  if  separated  from  its  support,  it  is 
'termed  a  loote  CryHoL 

Crystals  of  this  kind  may  be  taken  out  of  the  mass  which 
surrounds  them,  and  if  they  do  not  cohere  with  any 
particles  of  the  mass,  a  smooth  ^int  of  their  form  will  re* 
main^  JLoose  crystals,  if  not  perhaps  imperfect  on  some 
other  account,  may  be  considered  as  the  mwt  perfect  prom 
dmcHotu  of  inoiganic  nature.  But  we  rarely  find  such  crys- 
tills.  Commonly  they  are  imperfectly  formed  of  thetn- 
selves,  or  part  of  their  perfection  has  been  lost  in  the  con* 
tact  with  the  surrounding  mass.  Those  individuals,  whose 
dimensions  are  nearly  equal,  appear  in  this  case  as  round« 
ish  masses,  more  or  less  spheroidal,  or  as  angular  masses, 
and  bear  the  munes  of  Grains  or  Angular  Pieces,  Both  the 
grains  and  the  angular  pieces,  therefore,  are  nothing  else 
hut  crystals  imperfectly  formed. 

Besides  these  minerals,  which  indeed  are  nothing  but 
imperfectly  formed  crystals,  there  exist  a  great  many 
others,  which  likewise  assume  more  or  leas  a  spheroidal 
shape,  or  that  of  grains  and  angular  pieces.  These,  how- 
ever, must  be  carefully  distinguished  from  real  grains  and 
angular  ^eces,  because  they  are  not  simple,  but  compound 
nvnerals. 

Crystals  which  are  formed  in  an  empty  space,  and  ad* 
here  only  with  some  of  their  parts  to  the  Support,  which 
1^  in  moot  cases,  diflcrent  from  the  mass  of  crystals,  are 
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termed  impltmUd  crystals.  Implanted  crystals  are  always 
incomplete ;  because  those  parts  are  wanting  in  whidi  the 
crystals  are  attached  to  the  supporting  mass.  They  can- 
not be  removed  firom  it,  so  as  to  leave  behind  a  print  of 
their  form ;  they  only  may  be  broken  off  from  the  support 
with  which  they  cohere  more  or  less  firmly. 

Implanted  crystals  must  be  duly  completed,  for  the 
.  purpose  of  a  crystallographic  connderation  ;  so  must  also 
those  crystals,  which,  by  some  accident,  or  on  purpose,  have 
been  broken  or  rendered  incomplete.  The  only  rules  we 
must  attend  to  in  this  process  are  those  of  symmetry,  by 
whidi  a  perfect  equality  and  similarity  is  established  as  to 
the  number  and  situation  of  ftoes  between  those  parts  of 
the  crystal  which  are  wanting,  and  those  which  may  be  ob- 
served. The  most  common  crystallisation  of  liiombohediml 
Quartz,  consists  of  an  isosceles  sis^-aided  pyramid,  iHiich  is 
combined  in  a  parallel  position  with  a  rqpilar  «bc»sided 
prism.  As  these  crystals  very  often  occur  implanted,  the 
observation  of  one  end  of  the  pyramid  only  is  possible ; 
evidently  the  opposite  termination  of  the  cxystal  must  be 
completed,  by  supposing  it  equal  and  similar  to  that  which 
has  been  observed.  Simple  pyramids  of  rhombohednl 
Quartz,  (and  in  similar  cases  also  the  fbnns  of  other  mine- 
xals),  if  they  present  only  one  of  their  apices  to  the  ob- 
server, must  likewise  be  completed  according  to  the  rules 
of  symmetry ;  and  we  can  never  be  entitled  to  assume  or 
consider  such  things  as  nmpk  pyramids,  because  those  do 
not  exist  among  the  productions  of  nature,  nor  are  they 
obtained  from  the  different  processes  of  derivation  (§.  80.— 
83.).  Similar  examples  occur  in  pyramidal  Garnet,  in  octa- 
hedral Fluor-haloide,  in  prismatic  Hal-baryte,  &c. ;  which 
must  be  completed  according  to  the  method  explained 
above. 

There  are  cases,  however,  in  which  it  becomes  necessary 
to  allow  of  an  exception  of  that  rule.  These  comprehend 
the  crystals,  in  which  two  opposite  solid  angles  possess  a  di£i 
ferent  configuration  (§.  147.).  Evidently  this  differance 
glways  must  remain  within  the  nnge  of  the  series  of  crys. 
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tolliflation.  It  has  been  obserred,  that  certun  crystals, 
part  of  which  is  differently  formed  from  another  one,  which 
is  similarly  situated,  likewise  present  differences  in  their 
electric  action,  on  being  exposed  to  an  elevated  temperature. 
Prismatic  Zinc-baryte,  prismatic  Topaz,  rhombohedral 
Tourmaline,  and  tetmhedral  Boracite,  may  be  quoted  as 
examples  of  this  peculiarity.  Could  this  obsenration  be 
establisfaed  as  a  general  law,  it  might  prove  useful  in  com- 
pleting crystals  thus  imperfisctly  formed,  though  it  would 
not  indicate  what  faces  are  to  be  added  on  that  terminatioB 
which  is  opposite  to  the  observed  one. 

Another  case,  in  which  the  two  opposite  terminations  of 
crystals  are  differently  formed,  does  not  refer  to  the  pre- 
sent place,  in  as  much  as  it  is  found  only  in  compound  nu- 
nerals.    It  will  be  treated  of  more  at  large  in  §.  179. 

The  preceding  ones  are  the  most  simple  modes  of  the 
occurrences  of  minerals  in  nature* 


CHAPTER  IL 

OF  THE  STRUCTURE  OF  MINERALS. 
§•  161.  EXPLANATION  OF  STRUCTURE* 

Structure  represents  the  mechanical  connexion 
among  the  particles  of  a  simple  mineral.  It  may 
be  observed,  if  we  destroy  this  connexion,  or  sepa- 
rate the  particles  from  each  other. 

We  have  to  distinguish  here  between  the  regtdar  and  the 
*  Irre^far  structure. 

If  we  break  a  crystal  of  hexahedral  Lead-glance,  or  of 
rhombohedral  lime-haloide,  we  observe  particles  detach* 
ed  which  are  contained  under  even,  smooth,  and  shining 
faces.    The  property  of  allowing  these  particles  to  be  se* 
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parated,  but  not  the  particles  themselves,  exists  in  the  mi. 
neralsy  previous  to  its  having  been  rendered  visible  by 
mechuiicaL  force.  The  particles  of  a  mineral  ^therefore 
necessarily  must  stand  in  some  regular  mechanical  con- 
nexion, because  the  &ces  in  which  thej  separate  are  parallel 
to  faces  of  regular  forms.  It  is  by  means  of  the  division 
that  we  acquire  a  knowledge  of  this  connexion,  or  of  what 
is  understood  by  the  regular  structure  of  individuals. 

If  we  divide  the  particles  of  an  individual  in  other  direc- 
tions than  in  those  of  regular  structure,  the  division  takes 
place  not  in  even  faces,  but  in  uneven  fices  of  diflferent 
descriptions,  and  by  this  the  regular  structure  is  not  ren- 
dered observable,  although  it  does,  or  at  least  may  take 
place  in  the  same  individual  These  particles  no  longer 
possess  the  property  of  being  regularly  divisible  parallel  to 
faces  obtained  by  this  kind  of  division ;  and  the  quality  of 
the  &ces  therefore  demonstrates,  that  no  regular  mechuii- 
cal  connexion  of  the  particles  can  take  place  in  these  di- 
rection^.  The  connexion  between  the  particles  in  these 
directions,  is  also  termed  the  Irregular  structure. 

It  is  sometimes  attended  with  considerable  difficulty  to  as- 
certain the  regular  structure,  and  very  often  it  is  no  less  dif- 
ficult to  observe  the  irregular  structure.  The  particles  of 
certain  minerals,  as  of  hexahedral  Lead-glance,  of  rhombohe- 
dral  Lime-haloide,  &c.,  so  very  readily  separate  in  the  direc- 
tion of  their  regular  structure,  that  it  becomes  almost  impos- 
sible to  produce  any  divisions  in  another  direction ;  al- 
though they  may  allow  of  such  a  division.  On  the  con- 
trary, othere  separate  with  much  greater  &cility  in  every 
direction  but  that  of  the  regular  structure,  so  that  it 
likewise  becomes  difficult  to  observe  even  traces  of  it, 
though  by  analogy  we  are  led  to  suppose  the  existence  of 
the  regular  structure. 

The  regular  structure  of  minerals  is  observed  in  thdr 
Cleavage^  the  irregular  structure  appeara  in  their  Fracture  ; 
both,  fracture  and  cleavage  are  comprehended  under  the 
more  general  idea  of  Structure, 
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§.  162.  CLSAVAOE. 

An  individual  is  said  to  be  deavabU^  or  to  admit 
of  Cleavage^  if  by  a  mechanical  separation  of  its 
particles,  the  regular  structure  can  be  rendered  vi- 
sible. 

Certain  individual  may  be  cleaved  with  great  fiuulitj ; 
and  with  only  the  blow  of  a  hammer,  the/  will  divide 
into  fragments  contained  under  even  faces,  like  those  men- 
tianed  in  the  preceding  examples.  This  is  not'  the  case 
with  others,  in  which  the  mere  percussion  yields  only  irre- 
gular fiices.  In  these,  however,  we  are  not  yet  forced  to 
assume  the  non-existence  of  cleavage,  but  by  the  help  of 
delicate  chisels,  or  of  other  appropxiate  instruments,  and  by 
a  careful  examination  of  the  resulting  fiices,  we  have  to  de- 
termine whether  or  not  cleavage  occurs  in  the  individuaL 
It  is  very  useful  to  expose  such  fy^ces  to  an  intense  light, 
the  reflection  of  which  will  very  soon  decide  which  of  these 
is  the  case.  A  certain  degree  of  skill  is  required  in  cleav- 
ing minerals,  which,  however,  a  little  practice  will  teach 
more  accurately  than  could  be  done  by  many  words ;  and 
therefore  we  may  omit  here,  as  superfluous,  all  fiuther 
particulars. 

§.  163.   FACES  OF  CLEAVAGE. 

The  faces  obtained  in  cleaving  a  mineral,  are 
termed  its  Faces  of  Cleavage. 

The  fiices  of  cleavage  are  disdnguished  from  each  other 
in  respect  to  their  properties  or  their  relative  aspect 

These  properties  depend  upon  the  perfection  of  the 
faces,  in  as  fiir  as  they  may  be  compared  to  mathematical 
planes,'  and  upon  the  degree  of  lustre  which  they  possess. 
It  is  very  easy  to  tell,  from  the  mere  ocular  inspection  of 
fiu^ea,  whether  their  quality  be  the  same,  or  whether  they 
differ  more  or  less  from  each  other.    These  differences^ 
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Iiowever,  particularly  in  respect  to  lustre,  will  be  conidder. 
ed  more  accuratelj  on  another  occasion. 

Faces  of  cleavage,  whidi  are  of  the  same  quality,  and  ap- 
pear in  one  and  the  same  individual,  or  in  one  and  the 
same  species,  are  said  to  be  homologou* ;  faces  of  cleavage  of 
•  different  qualities,  if  they  appear  under  the  same  circum- 
stances, are  considered  as  being  fiuses  of  cleavage  not  homo- 
logous with  each  other. 

Sometimes  &ce8  of  cleavage  appear  to  be  curved.  Irze- 
gularitles  of  this  kind  require  to  be'  considered,  like  those 
mentioned  above  in  respect  to  the  faces  of  crystallisation. 
But  very  often  curved  faces  of  cleavage  result  from  the 
composition  of  several  individuals  in  a  position  little  differ- 
ent from  the  parallel  one.  Fig.  80.  shews  a  remarkable  in- 
stance in  ihombohedral  Lime-haloide,  where  the  axes  of 
the  individuals  diverge  very  little  from  a  common  centre, 
by  which  the  compound  product  of  cleavage  assumes  the 
appearance  of  a  rhombohedron,  of  which  three  fiicea  axe 
convex,  and  the  opposite  ones  concave. 

§.  164.    DIRECTION  OF  CLEAVAGE. 

The  direction  in  which  the  individuals  of  a  spe- 
cies allow  themselves  to  be  cleaved,  is  the  Direction 
cf  Cleavage, 

The  direction  of  the  ftces  of  cleavage  Is  constant ;  its 
situation  in  respect  to  the  fundamental  form,  or  any  other 
derived  crystalline  form  of  the  species,  is  determined,  and 
not  subject  to  any  alteration. 

-  The  directions  of  cleavage  in  every  individual  are  not 
found  in  the  same  number.  The  individuals  of  most  of 
those  species  which  constitute  the  order  Mica,  can  be 
cleaved  only  in  one  direction,  and  therefore  possess  only 
one  direction  of  cleavage.  Many  species  of  the  order  Spar 
contain  two ;  rhombohedral  I^ime-haloide  and  hexahedral 
Lead-glance  contain  three ;  octahedral  Fluor-haloide  con- 
tains four ;  dodecahedral  Garnet-blende  six ;  and  in  many 
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minerab  cleavage  may  be  effected  in  still  more  directionoy 
differing  in  number,  and  often  in  quality.  The  direc- 
tion of  cleavage  more  particularly  regards  such  as  produce 
the  most  apparent  fiices  of  cleavage.  If  two  directions 
of  cleavage  exist  at  the  same  time  in  a  single  individual, 
wherever  the  fiices  corresponding  to  them  are  obtained, 
they  always  intersect  each  other  at  the  same  constant 
angles.  This  is  a  necessary  consequence  of  the  parallelism 
of  all  those  &ce8  of  cleavage,  which  lie  in  one  and  the  same 
direction. 

§.  165.    CHARACTER  OF  CLEAVAGE. 

The  Character  of  cleavage  consists  in  the  con- 
stancy of  its  direction  (§.  164.),  and  in  the  possibility 
of  separating  the  particles  of  individuals  in  this  di- 
rection, as  long  as  the  acuteness  of  our  senses,  and 
the  delicacy  of  our  instruments  will  allow. 

There  are  minerals  whose  particles  may  be  separated 
firom  each  other  in  &ces  which  are  regularly  situated  in 
respect  to  the  ciystalline  forms,  but  which  exist  previous 
to  the  actual  division.  Those  masses,  however,  which  aie 
contained  between  two  such  faces,  allow  of  no  farther  cleav- 
age. This  property  of  certain  minerals  will  be  considered 
more  particularly  in  §.  179-  It  is,  however,  very  distinct 
from  real  cleavage,  the  character  of  which  consists  in  the  . 
possibility  of  continuing  it,  as  long  as  our  senses  may  per« 
ceive  it,  or  our  instruments  and  contrivances  may  answer 
the  purpose. 

Experience  shews  that  cleavage  indeed  does  possess  this 
property,  since  it  may  be  effected,  to  whatever  point  of  the 
cleavable  individual  the  instrument  is  applied  in  the  re- 
quired  position.  I^  therefore,  an  individual  is  cleavable 
in  the  direction  of  a  certain  plane,  it  must  also  be  cleavable 
in  any  other  plane  parallel  to  the  former,  the  distance  of 
these  pbines  being  less  than  any  given  straight  line. 
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Sewral  minerals  may  be  cleaved  into  exceedingly  deHcate 
laminae,  others  do  not  admit  of  cleavage  to  such  an  extent 
Among  the  first,  several  species  of  the  genus  Talc-mica  are 
particularly  remarkable.  Prismatoidal  Gypsum-haloide  may 
also  be  cleaved  into  uncommonly  thin  laminae;  and  we 
might  succeed  in  attenuating  them  still  more,  if  instru- 
ments could  be  found  of  sufficient  delicacy.  Cleavage  may 
be  continued  so  far  in  these  cases,  because,  except  that  single 
cleavage,  there  are  no  other  directions  in  which  the  minerals 
cleave  with  the  same  facility,  or,  what  is  the  same  thing,  be- 
cause it  is  vexy  difficult  to  separate  their  particles  at  all  in 
other  directions.  The  other  class  of  deavable  minerals  com- 
prebends  the  individuals  of  such  species  as  present  more  than 
one  direction  of  cleavage,  or  whose  particles  may  be  more 
easily  separated  in  uneven  irregular  faces.  The  fadlity  with 
which  the  particles  may  be  separated  fi^}m  each  other  in 
more  than  one  direction  of  cleavage,  or  in  irregular  faces, 
prevents  the  cleavage  from  being  more  apparent,  and  ob- 
tained with  greater  facility  in  one  of  the  directions.  Hexa- 
hedral  Lead-glance,  rhombohedral  Lime*haloide,  &c.  may 
be  quoted  as  examples  of  minerals,  which  cleave  with  equal 
fiidlity  in  more  than  one  direction. 

§.  166.     FACES  OF   CLEAVAGE  PARALLEL  TO  FACES 

OF  CRYSTALLISATION. 

Every  direction  of  cleavage  (§.  164.)  is  parallel 
to  the  face  of  a  form  of  the  Series  of  CrystaUisct-^ 
Hon  of  that  species,  to  which  the  cleavable  indivi- 
dual belongs. 

In  the  species  of  octahedral  Fluor-haloide,  the  solid 
angles  of  the  hexahedron  may  be  broken  off  by  deavage 
with  the  greatest  facility ;  in  the  place  of  every  one  of 
those  solid  angles,  there  will  appear  an  equilateral  triangle^ 
or  an  equiangular  hexagon,  which  is  the  fiice  of  cleavage.  On 
account  of  its  figure,  it  is  situated  perpendicularly  to  a  rhom- 
bohedral axis,  that  is  to  say,  like  a  face  of  the  octahedron,  a 
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form  which  in  fkct  belon^^  to  the  series  of  crystallisation 
of  octahedral  Fluor-haloide.  The  solid  angles  of  the  oc- 
tahedrons cannot  in  this  species  he  broken  off  by  faces  of 
cleavage,  hut  this  form  may  be  cleaved  parallel  to  its  own 
faces  in  four  directions,  intersecting  each  other  at  angles  of 
109°  28'  16"  and  70°  31'  44". 

The  directions  of  the  faces  of  cleavage  in  which  the  pyra- 
mid (P)*  of  rhombohedral  Lime-halolde  may  be  cleaved, 
are  parallel  to  those  of  faces  passing  through  every  two  con- 
secutive lateral  edges  of  the  pyramid.  But  this  is  the  di- 
rection peculiar  to  the  faces  of  the  rhombohedron  11.  The 
&ces  of  cleavage  are  therefore  parallel  to  the  fiices  of  the 
rhombohedron  It,  which  is  the  fundamental  form  in  the 
series  of  crystallisation  of  the  species.  In  the  rhombohe- 
dron, the  cleavage  may  be  continued  parallel  to  its  own 
&ce8,  in  three  directions,  intersecting  each  other  at  angles 
of  106°  6'  and  74°  S^. 

Khombohedral  Talc-mica,  pyramidal  Kouphone-spar, 
prismatic  Topaz,  &c  admit  of  a  cleavage  perpendicular  to 
their  axes.  The  £u:es  of  cleavage  will  be  parallel  either  to 
Br  —  ooortoP—  00,  both  of  them  being  limits  of  their 
respective  series  of  ci^stallisation. 

It  appears,  from  the  given  examples,  that  not  eyeiy 
crystalline  form  is  cleavable  parallel  to  some  one  or  the 
other  of  its  faces«  Several  of  them,  however,  shew  this 
property.  Simple  forms  of  finite  dimensions,  if  cleavable 
parallel  to  their  own  faces,  have  on  that  account  by  prefer- 
ence  been  chosen  for  fundamental  forms,  even  though  such 
forms  should  not  as  yet  have  been  produced  by  nature 
among  the  crystalline  forms  of  the  species. 

§.  167.    FORM  OF  CLEAVAGE. 

A  form  contained  only  under  faces  of  cleavage,  is 
termed  a  Form  of  Cleavage, 

The  forms  of  cleavage  may  be  cither  simple  forms  or 

VOL.   I.  p 
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combinations.    Both  may  be  either  perfect  (finite)  fomis, 
or  imperfect  (infinite)  forms. 

If  we  continue  cleaving  an  individual  of  octahedral  Fluor* 
haloide,  till  it  is  comprehended  on  all  sides  within  faces  of 
cleavage,  the  result  will  be  the  perfect  form  of  deavi^ 
belonging  to  the  species ;  it  will  be  a  simple  form,  because 
the  fiices  of  cleavage  homologous  to  each  other,  are  pazaUel 
only  to  the  fiices  of  the  octahedron,  and  not  to  those  c^  anj 
other  simple  form.  It  is  exactly  the  same  with  Uie  forms 
of  cleavage  of  hexahedral  Lead-glance,  of  hexahedral 
Bock-salt,  of  octahedral  Corundum,  of  dodecahedral  Gar- 
net-blende, and  many  other  species. 

Peritomous  Buby-blende  cleaves  in  the  direction  of  the 
regular  six-sided  prism  B  +  ».  The  form  of  deavage  is 
therefore  a^simple  one;  but  it  is  incomplete  or  infinite, 
and  terminated  in  the  direction  of  the  axis,  either  by  fiioes 
of  separation,  which  are  not  fiices  of  cleavage,  or  by  fiu:os  of 
crystallisation. 

Prismatic  Topaz  deaves  parallel  to  the  &ces  of  P  —  e». 
The  fi)rm  of  deavage  is  a  simple  one,  but  imperfect ;  and 
is  contained  in  the  directions  paralld  to  the  axis  under 
fiu^es  of  cxystallisation,  or  under  such  fiices  of  separation, 
as  do  not  owe  their  existence  to  deavage. 

Bhombohedral  Fluor>haloide  deaves  parallel  to  the  fiices 
of  P  +  00 ;  but  at  the  same  time,  also,to  those  of  R  ..  oo. 
The  form  of  deavage,  B  —  oo.  P  +  oe,  is  therefore  a  com- 
bination. But  it  is  a  perfect  form,  since  by  these  faces  the 
space  is  limited  on  all  sides. 

Pyramidal  Feld-spar  and  pyramidal  Garnet  are  clear- 
able  in  the  direction  of  two  rectangular  fi)ur-sided  prisms ; 
and  at  the  same  time  perpendicularly  to  their  axis.  Their 
form  of  deavage  therefore,  P— -  oo.  P  +  oo.  [F+  oo],  is  a 
combination  and  at  the  same  time  a  perfect  form  of  cleavage. 

Paratomous  Augite-spar,  and  in  most  cases  also  hemi* 
prismatic  Augite-spar,  cleave  in  the  direction  of  vertical 
obUque-anguLar  four-sided  prisms ;  and  at  the  same  time  in 
the  direction  of  planes,  passing  through  the  axes  and  the 
diagonals  of  the  prisms.    Their  forms  of  deavage  are  ex- 
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pressed  by  the  combination  (Pr  +  09)'.^+  00.  Pr+  o» 
which  is  imperfect,  that  is  to  saj,  unlimited  in  the  direc* 
tion  of  its  axis,  except  bj  fitces  of  crystallisation,  or  bjr 
fiues  of  cleavage  different  from  those  contained  in  the  repre* 
sentativeisign  of  the  compound  fi>rm,  or  at  last  bjr  fikces 
not  produced  by  ckaTage  at  alL 

§.  168.    FORMS  OF  CLEAVAGE,   BISTIKGUISHED  AC- 
CORDING TO  THE  QUALITY  OF  THEIR  FACES. 

Faces  of  cleavage,  which  belong  to  one  and  the 
same  simple  fonn,  are  homologous  (§.  163.).  Faces 
of  cleavage  which  are  not  homologous,  belong  to 
different  simple  forms  of  cleavage. 

If  we  find  an  opportunity  of  comparing  the  form  of 
cleavage  of  an  individual  with  its  form  of  crystallisation,  it 
will  not  be  difficult  to  decide  which  of  4he  faces  of  cleavage 
belong  to  one,  and  which  to  different  simple  forms ;  and 
indeed  the  certainty  and  generality  of  the  present  propo* 
aition  depends  upon  observations  of  this  kind. 

In  many  instances,  however,  we  only  can  examine  forms 
of  deavage,  belonging  to  minerals  which  are  not  crystal- 
lised, or  such  individuals  as  present  no  regular  external 
forms,  and  in  which  therefore  the  forms  of  cleavage  are  of 
still  higher  value  for  the  natural-historical  determination. 
Here  the  above  mentioned  proposition  becomes  of  the  great- 
est utility,  since  it  allows  the  forms  9f  cleavage  to  be  con- 
sidered in  the  right  point  of  view,  even  though  only  a  few 
of  their  faces  should  present  themselves  to  the  observer. 

As  to  the  first,  we  find  that  all  the  faces  of  cleavage  in 
the  individuals  of  rhombohedral  Lime-haloide,  of  octahe^ 
dral  Diamond,  of  dodecahedral  Garnet-blende,  of  piianatic 
Topaz,  and  of  many  others,  are  of  exactly  the  same  qua- 
lity,  so  that  they  can  by  no  means  whatever  be  distinguish- 
ed from  each  other ;  these  faces  being  found  to  possess  the 
same  properties  throughout  the  whole  individual.  A  very 
remarkable  difference,  however,  is  found  in  several  species, 
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relative  to  the  quality  of  the  fiices  of  cleavage  in  different 
varieties.  One  of  the  most  striking  examples  of  this  oc- 
curs in  hexahedral  Iron-pyrites.  Several  varieties-  of  this 
species  cleave  very  readily  in  fiures  which  are  pretty  even, 
shining,  &c ;  others  only  with  the  greatest  difficulty  in 
&ces  very  much  interrupted  by  asperities.  In  both  cases, 
however,  the  resultant  form  of  cleavage  is  the  hexahe- 
'  dron )  and  the  fiices  under  which  it  is  contained  are  of  the 
same  perfection  and  quality,  at  least  in  each  individual  ta« 
ken  separately,  as  it  must  be  on  account  of  their  belonging 
to  one  and  the  same  simple  form. 

The  circumstance  that  two  or  more  fiu:es  of  cleavage 
possess  exactly  the  same  properties,  cannot  be  consider- 
ed  as  a  proof  of  their  belonging  to  one  and  the  same 
simple  form.  An  example  of  this  may  be  taken  firom  pris- 
matic Gypsum-haloide.  The  form  of  cleavage  of  this 
species  is  represented  by  the  combination  P  —  os.  i^r  +  03. 
Pr  +  OP :  the  two  latter,  although  &cea  of  two  difieient 
forms,  shew  almost  exactly  the  same  quality ;  and  yet  the 
same  two  forms  in  prismatoidal  Gypsum-haloide,  where 
they  likewise  appear  as  forms  of  cleavage,  differ  very  much 
in  their  aspect. 

On  the  contrary,  in  respect  to  the  second  part  of  the 
proposition,  the  difference  of  the  simple  forms  to  which  they 
belong,  follows  in  every  instance  firom  the  different  quali- 
ty  of  the  faces  of  cleavage,  or  from  their  not  being  homo- 
l(^ous.  In  the  above  mentioned  compound  form  of  cleav- 
age of  pyramidal  Feld-spar,  the  face  perpendicular  to  the 
axis  appears  very  different  from  those  parallel  to  it,  being 
less  even,  &c. :  in  a  similar  way  in  rhombohedral  Emerald, 
the  face  perpendicular  to  the  axis  is  more  perfect  and  even 
than  those  parallel  to  it.  As  a  very  remarkable  example, 
the  form  of  cleavage  of  prismatoidal  Gypsum-haloide  de- 
serves our  particular  attention.  The  form  considered  by 
itself  appears  as  a  right  obUque-angular  four-sided  prism. 
It  is  more  natural,  however,  to  consider  it  in  reference 
to  its  crystalline  forms,  as  the  hemi-prismatic  oblique-rect- 
angular four-sided  prism   (§.   153.),    similar  to  VoL  IL 
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Fig.  46.,  of  the  dimensions  given  in  the  Characteristic. 
From  this  point  of  view  it  becomes  at  once  evident, 
that  only  those  pairs  of  parallel  fiices  which  are  of 
the  same  quality,  can  belong  to  the  same  simple  forms, 
which  could  not  agree  with  the  hypothesis  of  a  ri^^t 
oblique^ngular  four-sided  prism.  The  crystalline  forms 
being  always  supposed  to  have  been  previously  brought 
into  an  upright  position,  the  most  even,  smooth,  and  shin- 
ing face  of  cleavage  will  correspond  to  the  form  Pt  -i-  w. 
The  other  two  forms,  likewise  very  different  from  jeach 
other,  though  less  so  than  from  ^r  +  oo,  correspond  to 

Pr 

fhr  +  00  and  to '-    Many  individuals^  containing  only 

iff 
one  very  apparent  face  of  cleavage,  as,  for  instance,  the  one 
perpendicular  to  the  axis  in  pyramidal  Euchlore-mica,  in 
prismatic  Topaz,  &c  besides  shew  traces  of  other  fi>rms 
of  cleavage,  which  here  likewise  may  serve  as  examples. 

But  the  most  interesting  of  all  the  consequences  to 
be  drawn  from  these  and  similar  examples,  is  the  full 
confirmation  of  the  theory  of  crystalline  forms,  as  it  has 
be^i  given  in  the  preceding  chapter.  According,  to  that 
theory,  there  exist  forms  which,  although  they  appear  in  ^ 
a  single  face,  or  in  two  or  more,  in  such  directions, that 
they  cannot  include  the  space  from  all  sides,  yet  must  be 
considered  as  peculiar  simple  forms.  The  physical  quality 
of  the  faces  of  cleavage  in  the  individuals  incontestibly 
proves  the  correctness  of  that  method  of  considering  forms, 
which  nevertheless  has  been  merely  the  consequence  of  geo- 
metrical inquiries. 

s 

§.     169.    FORMS    OF    CLEAVAGE    MEMBERS    OF   THE 
SERIES  OF  CRYSTALLISATION. 

The  forms  of  cleavage  represent  members  o(  the 
series  of  crystallisation  of  those  species,  from  the 
individuals  of  which  they  have  been  extracted. 

The  demonstration  of  this  proposition  follows  immedi- 
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i^telj  from  §.  166.  For,  if  the  &ce9  containing  a  fana  of 
cleavage  are  parallel  to  the  frees  of  a  crjstalline  form  in 
the  same  species,  the  form  obtained  by  cleavage  must  itself 
necessarily  be  similar  to  the  form  of  ciystallisation ;  it  must 
possess  the  same  dimensions  and  relations,  and  therefore 
be  capable  of  being  substituted  for  the  member  in  the  series. 
This  is  applicable  to  both  simple  and  compound  forms  of 
cleavage  i  because  nature  produces  combinations  of  such 
simple  forms  only  as  are  members  of  the  same  series  (§.  139.). 
Cleavage  therefore  extends  the  application  of  crystallo* 
graph/  to  the  productions  of  the  mineral  kingdom,  and 
enables  us  not  only  to  determine  the  system,  but  also 
very  often  even  the  series  of  crystalliaation  of  such  indivi* 
duals  or  species,  in  which  crystals  are  either  not  known  at  all, 
or  at  least  are  not  the  inunediate  object  of  our  observaUon. 
Hence  the  study  of  cleavage  is  particularly  recommended 
to  those  who  intend  to  apply  the  Characteristic  to  nature, 
and  to  acquire  that  degree  of  skill  which  is  required  for 
detenmning  with  facility  and  certainty  the  productions  of 
the  mineral  kingdom  by  the  assistance  of  the  Characteristic. 

An  accurate  knowledge  of  the  peculiarities  of  cleavage  is 
moreover  very  usefol  for  recognizing  and  completing  such 
crystalline  forms  as  occur  indistinct,  imperfect,  cohering 
with  others,  &c.  Some  single  foces,  fissures  in  the  interior, 
striae  arising  from  the  superposition  4)f  laminae  and  other 
observations  of  that  kind,  are  very  often  sufficient  for  as« 
signing  the  true  position  to  a  crystalline  form,  and  by  this 
means  to  acquire  a  correct  knowledge  of  its  nature. 

The  preceding  observations  indisputably  shew,  that  cleav« 
age  in  itself  is  a  highly  remarkable  phenomenon  of  in« 
organic  nature.  Yet  this  will  appear  stiU  more  strikingly, 
if  we  consider  it  in  connexion  with  the  forms  of  crystallisa- 
tion, in  as  for  as  they  both  refer  to  the  natural-historical 
species.  If  we  attend  also  to  the  less  apparent  directions 
of  cleavage,  or  those  faces  which  are  less  distinct,  though 
subject  to  the  same  laws,  we  are  led  to  the  conclusion 
that  cleavage  represents  the  phenomenon  of  crystallisa* 
tion  to  its  full  extent.     The  latter  is  therefore  not  a 
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mere  acctdent  of  the  exterior  form,  but  it  is  a  property  in- 
timately related  to  the  existence  of  the  species  itself;  and 
every  one  of  the  forms  which  it  is  capable  of  assuming,  is 
deeply  founded  in  its  interior,  or  in  the  regular  structure 
of  the  mineral ;  so  that  a  fiice  of  crystallisation  is  parallel 
to  every  direction  of  cleavage,  and  a  direction  of  cleav- 
age, more  or  less  distinct,  parallel  to  eveiy  iace  of  crystal- 
lisation of  the  species.  The  first  of  these  results  has  al- 
ready been  perfectly  confirmed  by  observation.  More  ac« 
curate  information  with  respect  to  the  second  will  be  ob- 
tained by  future  investigations  of  this  interesting  subject. 

§.  170.   DESIGNATION  AND  NOMENCLATUBE  OF  THE 

FOSMS  OF  CLBAVAQE. 

The  forms  of  cleavage  are  designated  like  those 
of  crystallisation ;  several  particular  cases  of  its  oc* 
currence  have  been  provided  with  appropriate  verb- 
al expressions,  for  the  purpose  of  the  Systematical 
Nomenclature  and  of  the  Characteristic. 

Since  the  crystallographic  designation  of  forms  of  ciys* 
tallisation  and  of  forms  of  cleavage  is  exactly  identical;  it 
becomes  necessary  to  indicate  whether  the  sign  refers  to 
cleavage  or  to  crystallisation. 

In  the  systems  of  variable  dimension,  the  cleavage  Is  said 
to  be  AxotomoH»*y  if  It  consists  of  a  single  face  perpendicular 
to  the  axis,  or  parallel  to  the  base  of  the  fundamental  form. 
The  same  expression  may  be  employed,  although,  beside 
this  single  cleavage,  others  should  appear  parallel  to  the 
axis,  or  including  an  angle  with  it,  yet  it  is  always  reqmred, 
that  such  faces  should  be  less  distinct,  and  thus  forma  con* 
trast  with  the  single  one.  This  observation  extends  also 
to  the  following  expressions  relative  to  some  other  pecu* 
liarities  of  cleavage. 

*  From,  Sim^  the  azisi  and  rifi^w^  I  cut  or  deaye. 
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Cleavage  is  termed  Prismatoidal,  if  it  takes  place  in  a 
single  direction  parallel  to  the  axis,  whatever  may  be  the 
simple  form  corresponding  to  this  direction. 

It  is  said  in  general  to  be  Monotomotu*,  if  it  consists  of 
a  nngle  face,  which  may  be  perpendicular,  or  inclined,  or 
parallel  to  the  axis. 

The  term  Paratomotuf  refers  to  faces  of  cleavage  of  an 
indeterminate  number,  parallel  to  the  faces  of  a  finite 
form,  and  which  therefore  are  not  vertical,  nor  perpendicular 
to  the  axis  of  the  fundamental  form.  This  expression  may 
a]so  be  employed  if  the  directions  of  cleavage  correspond 
only  to  half  the  number  of  &ces  of  a  simple  form. 

Cleavage  u  termed  Peritomou*  j:,  if  it  takes  place  in  mone 
than  one  direction  parallel  to  the  axis,  and  if  the  facea  are 
all  of  the  same  quality  and  perfection.  The  repult  of  this 
cleavage  is  a  vertical  prism. 

If  the  directions  of  cleavage  are  parallel  to  the  fiices  of  a 
vertical  oblique-angular  four-sided  prism,  and  at  the  same 
time  to  those  of  a  horizontal  one,  the  cleavage  is  said  to  be 
Di-prismatie.  This  di-prismatic  cleavage  and  the  prismatoi- 
dal  cleavage  is  confined  to  prismatic,  hemi-prismatic,  and 
tetarto-prismatic  forms.  The  rest  may  occur  in  any  of  the 
systems  of  variable  dimensions,  which,  if  necessary,  19  ex- 
pressed by  Cleavagf,  rhomhdhedral  and  paratomouty  &jC.  In 
the  peritomous  cleavage,  the  form  obtained  may  be  a  com- 
bination ;  it  ix  a  combination  in  the  di-prismatic  cleavage. 
The  expressions  employed  for  the  designation  of  the  par- 
ticulars of  cleavage  in  the  tessular  system,  are  evident  firom 
thems?lves,  and  therefore  need  no  farther  explanation. 

§.  I7I.    FRACTURE. 

To  break  a  mineral,  in  order  to  obtain  its  Fracz 


•  From  fMftt,  single,  and  ri^w»  I  cleave. 
t  From  wa^a,  about,  and  rifitw,  I  cleave. 
t  From  Ttf/,  found,  and  rJ^w,  I  cleave. " 
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iure^  is  to  make  its  irregular  structure  appear,  by 
a  mechanical  separation  of  its  particles. 

Every  individual,  cleavable  or  not,  may  be  broken.  Ir- 
regular structure,  that  is  to  say,  fracture^  may  be  much 
more  generally  observed  than  cleavage.  Fracture,  how- 
ever, on  account  of  the  want  of  regularity  essential  to  it, 
can  only  be  of  veiy  limited  use  in  the  Natural  History  of 
the  Mineral  Kingdom.  It  may  here  be  useful,  firom  this  ob- 
servation, to  derive  the  important  consequence,  that  it  U 
not  a  generality  or  a  variety y  hut  only  a  regularity  and  con* 
ttaney  in  the  differences  occurring  in  a  naturaUiittorical  proper^ 
ty^  which  renders  it  applicdbley  and  determine*  its  vtUue  as  a  <{U- 
tinctive  character  in  Natural  History. 

Fracture  is  considered  here  as  a  property  of  individuals, 
or  of  simple  minerals  in  general,  agreeably  to  the  principles 
qf  Natural  History.  The  greater  part  of  the  varieties  of 
fracture,  quoted  in  books  on  Mineralogy,  on  that  account 
must  here  be  excluded,  because  they  refer  to  compound 
minerals,  which  in  fact  also  may  be  broken  in  pieces. 
These,  however,  will  be  considered  in  another  more  conve- 
nient place. 

§.  172,    FACES  OF  FBACtURE* 

The  faces  in  which  the  particles  of  the  individuals 
separate  when  broken,  are  termed  Faces  of  Frac^ 
ture. 

The  kinds  of  fracture  are  determined  according  to  the 
quality  of  its  faces.  The  irregularities  of  these  fitces  are 
either  round  or  angular.  The  first  sometimes  represent  the 
aspect  of  the  inside  of  a  shelL  That  kind  of  fracture  which 
is  formed  by  such  faces,  is  termed  the  Conchoidal  fracture, 
and  provided  with  peculiar  a^'ectives  referring  to  the  size, 
concavity,  lustre,  &c. ;  all  this,  however,  without  any  useful 
consequences.  The  angular  irregularities  cannot  be  com- 
pared to  any  thing  at  all    The  kind  of  fracture  formed  by 
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these  asperities,  has  received  the  denomination  of  the  CTn. 
even  fracture,  and  has  heen  divided  again  according  to  dif. 
ferences  in  the  size  of  its  grain,  but  this  too  is  of  very 
little  value.  There  exists  an  immediate  tran^tion  be- 
tvreen  the  two  kinds  of  fracture,  in  which  only  arbitraiy 
limits  can  be  fixed.  The  other  kinds  of  fracture,  the  even 
fracture,  iliejlbrout  fhu;ture,  the  spHniery  fracture,  either 
do  not  refer  to  simple  minerals,  or  they  do  not  belong  to 
structure  at  all.  The  hackly  fracture  is  not  produced  by 
breaking,  but  by  tearing  a  mineral  in  pieces.  Foliated 
fracture  is  cleavage ;  Hie  postage  ofthejbiia  means  the  same  as 
the  directions  of  cleavage ;  regular  fragment*  are  the  forms 
of  cleavage ;  and  the  varieties  of  radiated  fracture  are  the 
same,  only  referring  to  compound  minerals. 

§•  173.   CHARACTER  OF  FRACTURE. 

The  faces  of  fracture  preserve  no  constant  direo* 
tion.  In  this  particular,  fracture  is  essentially  dif- 
ferent from  cleavage. 

Individuals  without  cleavage,  or  witli  a  very  indistinct 
cleavage,  or  such  individuals  whose  particles  possess  only  a 
small  degree  of  coherence,  may  be  broken  in  any  direction, 
that  is  to  say,  no  direction  could  be  indicated  beforehand, 
and  determined  in  reference  to  the  situation  of  any  line  or 
plane,  in  or  parallel  to  which  the  mineral  would  break. 
Fracture,  therefore,  has  no  constant  or  determined  direction ; 
neither  can  it  be  conliniietl  according  to  parallel  planes,  al* 
though,  by  a  continual  diminution  in  size,  we  may  cany  on 
the  separation  of  the  particles  to  an  indefinite  extent* 

The  same  applies  also  to  those  individuals  which  allow  of 
cleavage,  if  they  be  broken,  that  is  to  say,  if  their  particles 
be  separated  in  any  other  directions  than  those  of  cleavage. 

The  irregular  structure  is  very  often  observable,  along 
with  the  regular  structure  in  the  same  individuals. 
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CHAPTER  III. 

OF  SURFACE. 
§•  174.   SURFACE  IN  GEKEHAL, 

The  Faces  of  CrystalHsation  (§.  28.)  are  the 
most  interesting  and  useful  among  all  those  faces 
which  limit  the  forms  occurring  in  the  productions 
of  the  mineral  kingdom. 

Beside  the  faces  of  crystallisation,  Teinninology  Gon« 
siders  the  Faces  of  Clea^cagCy  of  Fracture^  and  of-ComporiiUm, 
An  explanation  of  the  three  first  has  been  given  in  §.  28. 
163. 172.  Faces  of  Composition  are  those  in  which  several 
individuals  touch  otie  another ;  they  belong  to  the  indi« 
viduals  (§.  158.),  and  therefore  require  to  be  considered  in 
this  part  of  the  work.  Besides,  it  is  necessary  to  attend  to 
the  difference  existing  between  these  &oes  of  composlti<Mi, 
and  those  of  crystallisation,  of  cleavage,  and  of  fracture, 
in  order  to  distinguish  fi)rms  contained  onlj  under  fhces  of 
this  kind,  from  such  as  are  contained  under  ftces  of  crys- 
tallisation, of  cleavage,  or  of  fracture.  This  will  in  parti- 
cular be  necessary  if  we  have  to  consider  individuals, 
limited  merely  by  faces  of  composition,  bj  themselves  or 
sin<^ly,  and  in  their  original  connexion  with  others. 

Of  all  sorts  of  faces*,  the  most  interesting  ones  are  those 
which  are  even,  since,  in  the  mineral  kingdom,  the  uneven 
faces  are  not  sul^ject  to  any  constant  law,  not  being  curved 
like  the  surface  of  the  geometrical  solids,  the  sphere,  the 
cone,  or  the  cylinder.  The  only  even  fiices  are  the  faces 
of  crystallisation  and  the  fiices  of  cleavage.  The  latter 
exhibit  very  little  remarkable  differences  in  their  quality ; 
while  the  former  shew  a  peculiarity,  the  more  deserving  of 
consideration,  because  it  is  closely  connected  with  the 
phenomenon  of  crjstallisatioxi  itself.     The  faces  of  crystal^ 
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lisation,  therefore,  will  form  Uie  most  interesting  subject  of 
our  present  inquiries. 

The  different  qualities  of  even  fiuses  consist  in  their 
being  either  smooth^  without  elevations  or  depressions ;  or  in 
their  being  provided  with  certain  elevations  and  depressions, 
which,  however,  are  so  fiunt,  that  the  general  appearance 
of  evenness  and  continuitj  of  the  fiuses  is  not  affected  bjr 
their  occurrence.  Smooth  faces  also  are  called  perfect, 
particularly  if  they  refer  to  cleavage ;  and  cleavage  is  said 
to  be  the  more  perfect,  the  more  its  faces  possess  this 
property.  This  is  at  the  same  time  the  reason  why  smooth 
faces  of  cleavage  are  commonly  much  more  easily  obtain- 
ed, than  such  as  shew  opposite  properties. 

The  quality  of  irregular  faces  likewise  Spends  upon  the 
greater  or  less  degree  of  smoothness  of  its  inequalities ;  and 
according  to  this  measure  in  particular,  the  conchoidal  frsc- 
ture  is  said  to  be  more  or  leu  perfid.  The  insensible  dimi- 
nution of  this  perfect  smoothness  produces  the  passage  from 
the  conchoidal  fracture  into  the  uneven  fractture  (§.  172.). 

The  intensity  or  the  degree  of  lustre  of  the  faces,  is 
proportional  to  the  degree  of  their  perfection. 

Those  faces  which  are  not  smooth,  may  be  Hriated^  or 
roughs  or  druiy.  The  most  remarkable  of  these  are  the 
striated  fiices. 

§.  175.  STRIATED  FACES  OF  CRYSTALLISATION. 

The  Strias  upon  the  faces  of  crystallisation  are 
produced  by  the  alternating  re-appearance  of  the 
faces  of  those  simple  forms,  which  are  contained  in 
a  compound  one,  and  they  are  always  parallel  to 
edges  of  combination. 

One  of  the  forms  most  commonly  occurring  in  riiombo- 
hedral  Quartz,  is  the  combination  of  the  regular  six-sided 
prism,  with  an  isosceles  six-sided  pyramid,  P.  P  +  oo.  The 
faces  of  the  prism  are  streakefl  horizontally,  if  the  forms 
be  brought  into  the  upright  position. 
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.  These  striie  are  produced  in  the  following  way.  Instead 
of  the  ftces  of  the  pyramid,  P,  2,  Fig.  73.,  which  in 
the  perfect  combination  would  continue  without  being 
interrupted  from  the  edges  of  combination  to  the  apices, 
the  ikces  of  the  prism  r,  r'  re-appear.  These  faces,  how- 
ever,  do  not  reach  very  fiir,  but  are  again  exchanged 
for  the  fiices  of  the  pyramid,  which  in  their  turn  must  yield 
to  the  faces  of  the  prism,  and  this  alternately,  till  at  last 
the  &ce8  of  the  pyramid  meet  in  the  apices,  as  it  is  repre- 
sented in  Fig.  73.  If  now  we  suppose  the  &ces  altogether, 
and  more  particularly  those  of  the  pyramid,  to  become  very 
narrow,  we  may  form  an  idea  of  those  delicate  striae,  which 
are  so  often  met  with  in  nature.  It  is,  however,  not  very 
rare,  to  be  able  to  observe  immediately  the  formation  of 
the  strise,  on  the  large  scale  now  described,  which  per- 
fectly confirms  the  above  explanation. 

It  is  evident,  that  the  strife  thus  produced  must  be  pa- 
rallel to  the  edges  of  combination  between  the  faces  of  the 
pyramid  and  those  of  the  prism ;  because  the  faces  of  those 
•  forms  alternate  in  their  edges  of  combination. 

The  situation  of  the  faces  (viz.  those  of  tlie  prism),  is 
indeed  altered  by  these  strite ;  yet  this  is  inconsiderable  if 
the  strise  become  very  delicate,  and  the  more  so,  if  those 
fiures  which  belong  to  the  opposite  apex  of  the  pyramid, 
likewise  alternate  with  the  former,  and  exercise  their  in- 
fluence upon  the  streaking,  as  may  be  seen  in  Fig.  74.  It 
will  require  some  attention  if  we  have  to  apply  measuring 
instruments  to  crystalline  &ces  disfigured  by  these  striae. 

Another  very  remarkable  example  of  striated  fiices  oc- 
curs in  hexahedral  Iron-pyrites,  in  the  combination  of  the 
hexahedron,  and  of  the  hexahedral  pentagonal-dodecahe- 
dron.  Vol.  II.  Fig.  105.  In  this  example,  the  striie  are 
parallel  to  the  edges  of  combination ;  hence  they  are  parallel 
to  each  other  upon  parallel  fiices,  and  perpendicular  to  each 
other  upon  such  faces  as  are  not  parallel.  If,  instead  of  the 
hexahedron,  the  form  combined  with  the  dwiecahedron  is  a 
trigrammic  tctragonal-icosi tetrahedron,  whose  characteristic 
angle  is  equal  to  the  characteristic  edge  of  the  dodecahe- 
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dron,  the  strioe  produced  upon  Uie  faces  of  the  latter,  ire 
panilel  to  perpendicular  lines,  which  may  be  dnwn  fiom 
the  single  plane  angle  of  the  hcen  towards  the  opposite 
edge ;  upon  the  fiices  of  the  icositetrahedron,  the  strise  are 
parallel  to  the  longer  one  of  those  edges,  which  join  two 
different  solid  angles  formed  by  four  fiures.  It  would  be 
superfluous  to  mention  here  any  more  examples ;  for  every 
case  referring  to  this  subject  may  be  explained  with  as 
great  facility  as  the  preceding  combinations  of  rhombohe- 
dral  Quartz,  and  of  hexahedral  Iron-pyrites. 

The  curvature  of  the  &ees  (§.  159.)  sometimes  is  pro- 
duced by  streaking.  Thus,  in  rhombohedial  Tourmaline, 
the  thiee-sided  prisms,  with  convex  bce^  are  produced  by 

numerous  strise  between  the  faces  of    "^    (QandP+  »(s). 

Vol.  II.  Fig.  13«. 

The  streaking  of  the  fiices  may  be  very  useful  in  finding 
out  those  which  are  homologous,  since  homologous  fS^es  al- 
ways shew  similar  occurrences  of  this  phenomenon ;  a  fact 
proved  by  numerous  examples  in  rhombohedral  Lime-ht« 
loide,  in  dodecaliednd  Garnet,  &c. 

§.    176.    DIVERSE    QUALITIES    OF    THE    FACES    OF 

CRYSTALLISATION. 

The  property  of  the  surface  of  crystalline  forms, 
designated  by  the  terms  rougfi  and  drusy^  arises 
from  elevations  projecting  from  the  faces  of  crp* 
tals.  They  differ  from  each  other  only  in  the  ^ze 
of  the  elevated  particles. 

In  the  species  of  octahedral  Fluor-haloide,  octahednJ 
crystals,  sometimes  of  considerable  size,  seem  entirely  to 
consist  of  minute  hexahedrons.  The  faces  of  such  octahe- 
drons cannot  be  planes ;  but  they  consist  of  the  fices  of 
the  hexahedrons,  which  are  perpendicular  upon  each  other; 
in  such  situations,  that  a  plane  passing  through  their  solid 
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angl«8  is  parallel  to  the  fiu»  of  the  octahedron.  The  more 
the  size  of  these  hexahedrons  diminishes,  and  consequently 
the  more  their  number  increases,  the  more  the  fiices  them- 
selves  will  assume  the  appearance  of  exact  planes.  Thejr 
are  said  to  be  drutify  if  the  asperities  upon  the  faces  are  still 
easily  distinguishable ;  they  are  termed  roughs  if  they  may 
only  be  perceived  with  difficulty,  or  if  the  existence  of  such 
asperities  merely  can  be  inferred  from  the  want  of  lustre  of 
the  resultant  Aeesk 

The  &ces  of  the  hexahedron  exhibit  in  the  same  species 
a  phenomenon  connected  with  the  former,  which  in  many 
respects  is  very  remarkable.  They  are  someti  mes  covered  as 
it  were  with  smaU  very  flat  four-sided  pyramids,  whose  late- 
ral  edges  are  parallel  to  the  edges  of  the  hexahedron  ;  and 
of  which  only  the  upper  part  is  visible.  The  fiices  of  these 
pyramids  are  the  faces  of  the  hexahedral  trigonal-icosite- 
trahedron,  a  form  not  uncommon  in  this  species.  If  they 
become  very  minute,  they  may  render  the  faces  drusy  or 
rough,  or  Uiey  may  produce  striae  parallel  to  the  edges  of 
the  hexahedron. 

Another  very  remarkable  fact,  which  in  particular  is 
very  often  met  with  in  rhombohedral  Quartz,  must  be 
clasMd  along  with  the  preceding  peculiarities.  Many  cryg. 
tals  of  the  same  form,  P.  P  +  oo,  appear  as  if  grouped  pa- 
rallel to  each  other,  or  round  a  larger  crystal  of  the  same 
form.  Exact  parallelism  is  here  understood,  as  it  is  in 
every  occurrence  of  this  kind.  Sometimes,  however,  the 
aggregation  of  crystals  of  rhombohedral  Quartz  depends 
upon  regular  composition  (§.  179.).  The  preceding  obser- 
vations, in  respect  to  striated  surfaces,  as  to  the  quality  of 
homologous  &ces,  applies  likewise  to  such  as  are  rough  or 
drusy. 

Those  particles  which  project  from  the  fiices  of  the 
crystals,  must  not  be  considered  as  single  individuals ;  and 
crystals  with  drusy  fiices  therefore  are  not  compound  mi- 
nerals. They  indicate  rather  the  gradual  progress  of  the 
formation  of  crystab,  from  the  interruption  in  which  they 

arise.  If  we  suppose  in  the  octahedrons  of  octahedral  Fluor- 
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haloide,  homogeneous  matter  of  the  crystal  to  fill  up  the 
interstices  between  the  fiices  of  those  minute  hexahedrons, 
so  that  the  formation  is  terminated ;  no  character  remains 
hj  which  a  crystal  thus  formed  could  be  distinguished  finom 
a  simple  mineraL  We  may  imagine  that,  in  the  progress 
of  the  formation,  a  simple  mineral  may  give  rise  to  a  com- 
pound one ;  but  it  is  utterly  impossible  that  a  simple  one 
could  be  formed  out  of  i^  compound  mineraL  Crystals 
with  drusy  fiices  may  consequently  be  simple  minerals. 

§.  177.    FACES  OF  COMPOSITION. 

The  quality  of  the  faces  of  composition  is  acci- 
dental. 

The  fiices  of  composition  sometimes  are  even,  yet  this  is 
very  rare.  Even  faces  of  composition  may  easily  be  dis- 
tinguished firom  faces  of  cleavage,  because  those  particles 
which  are  contained  between  two  hces  of  composition,  can 
no  more  be  cleaved  in  the  same  direction ;  provided  they 
do  not  possess  besides  a  cleavage  of  that  kind ;  in  this  case, 
however,  the  quality  of  the  two  kinds  of  fiices  would  suffice 
for  their  distinction. 

They  are  rarely  smooth ;  and  if  this  happens,  we  find  it 
only  in  single,  not  continuous  parts  of  the  faces.  More 
commonly  they  are  streaked ;  but  the  striae  are  irregular, 
without  any  deteimined  or  constant  direction.  Very  often 
we  meet  with  rough  fiu!es  of  composition,  their  lustre 
being  of  a  very  low  degree,  or  even  sometimes  entirely 
wanting ;  this  may  be  used  as  a  distinctive  character  be- 
tween the  faces  of  cleavage  and  those  of  composition,  if^  in 
a  mineral,  these  two  kinds  of  faces  should  happen  to  be  pa- 
ralieL  Lastly,  they  often  are  uneven,  or  contain  more  or 
less  considerable  elevations  and  depressions.  Faces  of  this 
kind  must  not  be  confounded  with  uneven  faces  of  fracture ; 
this,  however,  may  be  very  easily  avoided  by  comparing 
them  with  real  faces  of  fracture  in  the  same  individual. 

The  character  by  which  the  faces  of  composition  essen- 
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tially  differ  from  those  of  crjBtalliaation  and  of  cleavage, 
consists  in  the  circumstance,  that  genendl j  they  preserve  no 
determined  direction,  and  do  not  produce  any  regular  forma. 
Here  we  must  except  those  fiices,  in  which  parallel  indi- 
viduals touch  one  another,  or  those  which  depend  upon  re- 
gular composition,  and  which  will  afterwards  he  considered 
more  at  large  (§.  179.)-  These  &ces,  indeed,  preserve  a  caa" 
stant  and  determined  direction,  and  are  occasionally  of  a 
peculiar  degree  of  evenness,  although,  in  other  respects, 
they  possess  all  the  properties  peculiar  to  fiices  of  composi- 
tion. 

Very  often  the  individuals  cohere  so  very  strongly  in 
their  &ces  of  composition,  that  they  will  rather  separate 
in  &ceB  of  cleavage  or  of  fracture,  than  in  those  of  compo^ 
sition.  If  the  individuals,  on  account  of  their  minuteness^ 
withdraw  themselves  from  observation,  or  become  im- 
palpable, the  fiices  of  composition  likewise  disappear.  It  is 
evident,  from  the  preceding  observations,  that  by  this  pro- 
cess a  compound  mineral  can  never  be  transformed  into  a 
simple  one.  At  all  events,  we  must  carefully  distinguish 
between  the  faces  of  composition  and  those  of  crystallisa- 
tion and  cleavage,  the  first  of  which  are  present  in  eveiy 
compound  mineiaL 


VOL.  I. 
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SECTION  II. 

THE  KATURAL-HISTOaiCAL  PROPERTIES  OF  COM- 

FOUND  MINERALS. 

§.  178.    REGULAR  AND  IRREGULAR  COMPOSITION. 

7Iie  mode  of  composition  in  which  the  indivi- 
duals of  the  mineral  kingdom  appear,  is  said  to  be 
regular^  if  the  form  produced  by  tlieir  connexion 
is  a  regular  one,  and  if  this  regularity  is  a  neces- 
sary consequence  of  the  composition ;  if  the  con- 
trary takes  place,  the  composition  is  said  to  be 
irregular. 

If  two  or  more  homogeneous  indmduals  join  in  a  com- 
pound form,  regularly  and  symmetrically,  at  least  if  duly 
completed ;  the  composition  is  in  every  respect  perfectly 
determined.  For  we  may  indicate,  with  the  greatest- accu- 
racy, in  which  faces  of  the  simple  forms,  or  in  which  plane 
the  individuals  cohere,  even  though  this  plane  should  not 
be  parallel  to  a  face  of  apy  ample  form  of  that  species 
to  which  the  individuals  belong.  In  general  we  may  ob- 
tain the  situation  of  the  individuals  required  or  necessary 
in  order  to  produce  the  compound  form.  .  A  composition 
of  this  kind  is  said  to  be  regular. 

The  composition  is  irregular,  if  the  forms  are  not  con- 
nected in  the  manner  now  described,  and  if,  therefore, 
they  do  not  produce  any  regular  or  symmetrical  forms. 
Two  or  more  individuals  joined  in  this  way,  are  said  to  be 
merely  aggregated,  an  expression  which  intimates,  that  there 
is  no  regularity  in  their  composition. 

There  are  compound  minerals,  which  affect  regular  ex- 
ternal forms,  although  their  composition  is  in  &ct  irre- 
gular. The  regularity  of  the  form  in  such  cases  evidently 
does  not  follow  firom  the  composition,  but  it  must  originate 
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"  •*> 


lk«a  tometliing  which  10  ibreign  to  the  miiienL  Compo- 
Bitioiw  ot  this  kind  cannot  be  called  regular  in  the  sense 
of  the  word  now  explained.         /. 

§.  179.   REGULAA  COMPOSXTIOK.      TlTIN-GBTSTALS. 

The  regular  composition  of  two  bomogeneous 
individuals,  joined  in  one  crystalline  form,  has 
been  designated  by  the  name  of  a  Tmn-^rysial. 

It  is  unnecessary  to  consider  bj  themseires  regular  com* 
positions  of  three,  four,  five,  or  more  individuals,  because, 
although  compositions  of  that  kind,  according  to  several 
laws,  should  take  place  in  nal^^re,  yet  they  always  can  be 
reduced  to,  and  explained  by  the  regular  composition  of  two 
individuals. 

The  property  peculiar  to  the  twin-crystals  consists  in 
the  close  and  exact  connexion  of  the  Pace  qf  Compo* 
sHion  (§.  177-)»  or  that  in  which  the  individuals  join,  with 
the  series  of  crystallisation  of  the  species.  The  &ce  1^ 
composition  is  either  parallel  to  the  &ce  of  a  form  belong* 
ing  to  this  series,  or  it  is  perpendicular  to  a  certain  edgew 
The  situation  of  the  two  individuals  themselves  is  obtain- 
ed, if  we  first  suppose  both  to  be  in  the  parallel  position, 
and  then  turn  one  of  them  round  a  certain  line,  likewise  of 
a  determined  direc^xK. im^'  an  angle  of  18(r*,  while  the 
other  remains  undibyea?^^  This  line  is  termed  the  Axis  qf 
Revobtikm,  It  is  either  perpendicular  to  the  face  of  oom« 
position,  or  it  coincides  with  this  &ce,  while  it  is  parallel 
to  a  ciystallographical  axis  of  Uie  individuaL  The  angle 
of  180"*  is  the  Angle  qfReoOuHoiu 

These  properties  are  necessary  to,  and  characteristic 
of;  the  twin-crystals,  which  are  very  easily  distinguished 
from  any  other  compomtions  occurring  in  nature,  in  which 
the  junction  of  two  or  more  individuals  takes  pkoe  in  other 
fiices  and  in  other  directions,  the  aggregation  of  the  indi- 
viduals being  accidentaL 

It  is  moreover  necessary  that  the  indiyiduals  be  homoge- 
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-  neoufl.    Two  individuals  not  homogeneousi  even  though 
'    they  weie  supposed  to  possess  the  same  form,  and  to  join 

according  to  some  rule,  can  never  produce  a  twin^iystal ; 

thej  cannot  be  considered  as  compound,  but  must  be  classed 
.    iunong  the  mixed  (§•  14.)  minerals. 

The  forms  of  the  single  individuals  of  a  twin-crystal 
«'    must  therefore  contain  members  of  one  and  the  same  series 

-  of  crystallisation  :  They  may  be  simple  forms  or  combLtuu- 
tions.  Commonly  they  either  are  or  both  contain  the  mme 
members,  so  that  in  most  cases  the  forms  of  the  two  indi. 

.  viduals  may  be  considered  merely  as  parts  df  <me  and  the 
tame  crystalline  form,  part  of  which  only  has  assumed  an 
extraordinary  yet  determined  situation. 

This  has  been  the  foundation  of  another  method  employ- 
ed for  exphuning  the  form  of  regularly  composed  individuals. 
A  plane  is  imagined  to  bisect  in  a  determined  situation  the 
form  of  the  simple  mineral,  and  one  of  the  halves  to  be 
turned  in  this  plane  through  a  certain  number  of  degrees, 
while  the  other  remains  in  its  former  situation.  The  num. 
her  of  degrees  is  equal  to  half  the  circumference,  or  ss  180% 
hence  twin-crystak  considered  in  this  point  of  view,  have 
been  called  Hemitrope  Crystals, 

The  change  in  the  situation,  which  is  produced  in  the 
parts  of  the  combined  individuals,  occamons,  under  certain 
circumstances,  the  production  of  angles  greater  than  180'', 
.  which  are  not  to  be  met  with  in  the  forms  of  simple  indivi- 
duals  as  considered  above.  These  angles  are  said  to  be  re* 
entering  or  re-entrant  ;  and  they  are  commonly  taken  fi>r  a 
character  of  a  twin-crystal,  or  of  a  hemitrope  one. 

Angles  of  this  kind,  however,  greater  than  180%  may 
arise  if  two  individuals  of  a  species  of  the  same  or  of  dif- 
;  ftrent  forms,  are  joined  in  a  parallel  position ;  as,  for  in- 
stance, in  rhombohednd  Quartz,  where  it  sometimes  happens 
that  two  crystals  of  the  common  form  have  all  their  &ces  pa- 
rallel, and  the  axis  of  the  one  in  the  prolongation  of  the  axis 
of  the  other.  The  product,  nevertheless,  must  not  be  con- 
sidered as  a  twin-crystal,  or  as  a  hemitrope  one.  The  two 
.    apparent  individuals  in  a  composition  of  this  kmd,  form  parts 
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of  a  single  one  ;  and  the  whole  1b  nothing  ebe  but  a  parti- 
cular case  of  those  mentioned  in  the  explanation  of  the  strise 
(§.  ly^'X  that  is  to  say,  it  is  an  alternating  repetition  of 
the  fiu:es  of  the  simple  forms  contained  in  the  combination. 

On  the  other  hand^  we  find  real  hemitrope  or  twin- 
crystals,  which  yet  do  not  contain  any  re-entering  angles, 
because  the  existence  of  these  depends  upon  the  situation 
of  the  fiices  of  the  simple  forms.  It  is  not  the  re-entering 
angles,  therefore,  that  form  the  essential  character  of  the 
twin-crystals,  but  the  situation  of  their  different  parts, 
which  cannot  be  explained  without  assuming  that  they  are 
formed  from  the  composition  of  two  individuals. 

The  law  according  to  which  twin-crystals  are  formed,  may 
also  be  expressed  by  crystallographic  signs ;  since  it  is  re- 
quired only  to  mention  the  situation  of  the  axis  of  revolu- 
tion and  the  plane  of  composition  in  reference  to  the  crys- 
talline forms  occurring  in  a  species.  For  this  purpose 
the  crystallographic  sign  of  the  face,  parallel  to  which,*  the 
regular  composition  takes  place,  is  included  in  braces; 
the  direction  of  the  axis  of  revolution  is  added  to  it,  <  and 
separated  by  the  sign  : ,  if  it  should  not  be  perpendicular 
to  the  face  of  composition. 

After  this  general  consideration  of  twin-crystals,  a -few 
examples  will  be  sufficient  for  illustration,  in  so  fiir  as  is 
required  for  our  purpose,  and  for  exemplifying  the  em- 
ployment of  the  ciystallographic  signs. 

Suppose  ihe  fitce  ofcompotition  to  be  pardUel  to  a  face  cf 
erpstaUisaiion,  and  the  axi*  of  revolution^  perpendicular  to  it,  to 
be  at  the  same  time  an  axis  of  crystaUisaiion. 

If  we  join  two  octahedrons  in  a  parallel  position  in  such 
situations,  that  they  come  into  contact  with  their  own  &ces, 
the  face  of  composition  wiU  be  parallel  to  one  of  the  jBices 
of  the  octahedrons,  and  one  of  the  rhombohedral  axes  will 
be  common  to  both  these  forms.  Although  the  &oes  of 
one  of  them  produce  re-entering  angles  with  some  of  the 
fiu:es  of  the  other,  yet  the  assemblage  of  the  two  octahe- 
drons cannot  be  considered  as  a  twin-crystal,  because  the 
faces  of  the  two  forms  are  exactly  parallel  to  each  other. 


%td  T£EMIKOL06Y.  §.  179. 

This  must  be  referred  to  the  case  exphdned  above  in  the 
jeajwapleg  of  octahedral  Fluor-haloide,  and  rhombohedral 


Tttm-pow/^me  of  these  octahedrons  round  the  common 
zfaombohe!dnl  iCiis  throu^  an  angle  of  180%  this  axis  beii^ 
considered  as  the  axis  of  revolution,  while  the  otiier  re- 
mains unmoved ;  the  &ce  of  composition  being  perpendi- 
eular  to  the  axis  of  revolution^  A  twin-crystal  will  now 
be  ^mrmed,  because  tiie  individuals  can  no  more  be  cona- 
deied  the  one  as  the  continuation  of  the  other,  since  their 
zespectire  homologous  .piirts  have  assumed  a  different,  jet 
deiennined  4tcui^<^  towards  each  other,  which  is  the  pe- 
culiar character  of  a  iwin-erjstaL  The  fiioes  of  the  one. 
produce  le-entering  angles  with  those  of  the  other,  equal 
to  double  the  edge  t>f  the  octahedron,  or  »  218*"  66'  32" 
n  MO*"  ^  Ur  3"  28''. 

The  same,  result,  is  obtained,  if  we  bisect  ^octahedron 
by  a  plane  through  its  centre,  parallel  to  tw{]%^ts  foces, 
or  perpendicidar  to  one  of  its  rhombohedral  axes,  and  allow 
one  of  the  halves  to  make  a  revolution  of  180"*  round  that 
rhombohedral  axis,  upon  which  the  section  is  perpendicular, 
while  the  other  half  remains  unmoved.  The  plane  of  the 
section  is  the  &ce  of  composition  itself. 

In  the  preceding  case,  the  term  twin-crystal  is  more  ap- 
propriate  to  the  first,  that  of  a  hemitrope  crystal,  more  to 
the  last  mode  of  explanation.  The  first  supposes  that  every 
twin-«rystal  consists  of  two  different  individuals,  which  re- 
quire to  be  joined  in  a  certain  determined  situation,  in 
order  to  produce  the  compound  crystal ;  the  other  sup- 
poses only  one  individual,  in  which  the  situation  of  some 
of  its  parts  has  undeigone  a  regular  change  by  an  opera- 
tion whidi  can  never  have  been  emfdoyed  by  nature.  This 
is  the  reason  why  liie  first,  and  the  name  twin-crystal  re- 
fierring  to  it,  has  been  preferred  in  the  present  work,  to  that 
of  a  hemitrope  crystal,  particularly  since  it  is  applicable 
to  many  cases^  where  the  latter  term  would  produce  an 
erroneous  idea.  The  expression  regular  composition  being 
more  general  than  either  of  them,  is  very  ofleu  useful  in  its 
application. 
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The  above  mentioned  twin-oTttaU  oocur  in  octahednd 
Ironpoxe,  in  octahedral  and  dodecahedral  Corundum^  &c« 

YoL  II.  Fig.  166.    Its  cTTBtallographic  sign  is  0,{;}. 

Instead  of  the  octahedrons,  we  may  substitute  two  hexa* 
hedrons,  without  changing  any  thing  in  the  law  of  compo- 
sition; the  resulting  twin-crystal  will  have  its  &ce  of 
composition  parallel  to  a  &oe  of  the  octahedron,  and  that 
rhombohednd  axis,  which  is  common  to  the' indiyidualsy 
far  its  axis  of  revolution*  The  re-entering  angles  are 
«  860°  3V  44""  »  360"—  109''  26'  16^. 

Bq^ular  compositions  of  this  kind  are  found  in  hexahe- 
dral  Lead^lance,  also  such  twin-crystals  as  result  fhwi  com* 
binations  of  the  hexahedron  and  the  octahedron,  or  other 
forms  of  tlie  spedes.    The  crystallogiaphic  signs  of  the 

first  are  H,  {^}  ;  of  the  second  H.O,  {I}. 

The  dodecahedron,  if  substituted  instead  of  the  octahe- 
dron, produces  similar  twin-crvstals,  which  are  fbund  in 
octahedral    Diamond,    dodecahedral    Garnet-blende,   ftc 

TbL  II.  Fig.  163.    Their  designation  is  D,{;}. 

If  we  join  two  rhombohedrons  in  a  transverse  position, 
the  principal  axis  being  the  axis  of  revolution,  the  twin* 
ciystal  produced  will  be  of  the  same  kind  as  the  preceding 
ones,  which  becomes  evident,  if  we  imagine  a  rhombohe- 
dron  to  take  the  place  of  the  abore  mentioned  hexahedron* 
The  face  of  composition,  which  is  perpendicular  to  the 
rhombohedral  axis,  and,  as  such,  analogous  to  that  of  the 
octahedron,  is  parallel  to  R  —  oo.  We  may  now  substi* 
tute  any  finite  rhombohedral  form,  for  instance  (P)*,  or 
any  combination  of  rhombohedrons,  pyramids,  and  prisms, 
instead  of  the  rhombohedrons  and  the  result  will  yield 
*  fimns  of  the  same  kind,  of  which  many  examples  are 
found  in  rhombohedral  lime-halmde.  VoL  II.  Fig.  129. 
The  crystallographic  sign  of  this  regular  compositbn  is 

(P)«,{B-o.}. 

Let  every  tlung  be  as  before,  only  th&  axii  of  rtvokOUm 
natfwroMtoanaxUqferyHalHiaHait. 
Twin-crystals  of  this  kind  are  produced,  if  two  rtiombo- 
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faedrons  of  the  form  R  +  n  join  in  their  own  fiices,  so 
that  their  axes  include  an  angle.  Thej  are  brought  into 
this  tdtuation  by  supposing  the  axis  of  revolution  to  be 
perpendicular,  the  &ce  of  composition  parallel,  to  one  of 
the  ftces  of  K  +  n.    Of  this  composition,   the  sign  is 

Rylv}*  The  law  of  composition  remaining  the  same, 
we  may  substitute  in  the  place  of  R  +  n,  any  one  of  the 
forms  R-fn-fl,  R  +  n  —  1,  R+  oe,  &c ;  in  short,  eveiy 
member  of  the  series  of  crystallisation  derived  from  R  +  n, 
and  every  combination  which  they  possibly  may  produce. 
On  the  other  hand,  we  may  likewise  alter  the  situation  of 
the  fiice  in  which  the  individuals  join  ;  and,  provided  it 
does  not  coincide  with  R  -»  oe,  the  resultant  twin-crystals 
still  belong  to  the  present  section.  Nature  produces 
many  examples  of  this  law  ;  for  instance,  in  rhombohedral 
lime-haloide,  R  —  1  composed  in  the  face  of  R,  of  which 

the  crystall(^raphic  sign  is  R — l^ls}*  the  combina- 
tion R  —  OS.  R  -H  00,  composed  in  the  face  of  R,  VoL  II. 
Fig.  132.,  or  in  the  &ce  of  R—  1,  VoL  II.  Fig.  133.,  the  crys- 

tallographic  sign  of  the  former  being  R —  os.  R  +  co,|^}  ; 
that  of  the  latter,  R  —  co.  R  +  oa,{5^J.  R,  in   the 

fice  of  R—  1,  designated  by  R  {^'}.  VoL II.  Fig.  130.; 
(P)',   in   the  face   of  R  +  1,   which  is   dengnated   by 

The  present  law  is  not  confined  to  the  rhombohedral 
system.  The  pyramid  P  in  pyramidal  Copper-pyrites,  If 
composed  in  one  of  the  feces  of  P,  produces  a  twin-crystal, 
very  much  resembling  that  of  the  octahedron  in  octahedral 
Iron-ore,  but  differing  from  it,  in  as  much  as  the  axis 
of  revolution  in  pyramidal  Copper-pyrites,  is  not  at  the 

same  time  an  axis  of  ciystallisation.  Its  sign  is  P,  {  ^  } .  In 
the  common  twin-crystals  of  pyramidal  Tin-ore  two  in- 
dividuals of  the  crystalline  form  P  +  1,  or  P  +  1.  [P  +  oo], 
are  joined  in  a  fece  of  P ;  the  axis  of  revolution  is 
perpendicular  to  this  ^ce,  and  is  not  an  axis  of  crystallisa- 
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tion.    The  crjstaliographic  sign  becomes  P  -4-  1  {^|,  or 
P  4- 1.  [?+«],{;). 

Sometimes  the  feces  of  infinite  forms  are  faces  of  com- 
position.   Thus,  in  paratomous  Augite-spar  the  crystalline 

P       >c 

form  1-  (Pr  +  »)».  Pr  +  oo  is  composed  in  the  face  of 
•  2 

ihr  4-  00,  the  axis  of  resolution  being  perpendicular  to  this 

fiice.    The  re-entering  angles  are  produced  hy  the  hemi. 

*        .        .  P 

prismatic  form  _ .    The  crjstaUographic  sign  of  this  re- 

*  P 

gular  composition  is—.  (?r  +  oo)'.  Fr  +  «e,  {Pr  +  oo}. 

Hemi-prismatic  Augite-spar  gives  a  similar  example.    The 

P          f^ 
form  is  -  . .  (1^  +  oo)».  Pr  +  oo,  the  face  of  compod- 

tion  is  parallel  to  Pr  +  oo,  and  the  axis  of  revolution  per- 
pendicular to  it.    This  composition,  however,  by  a  curious 

anomaly,  commonly  does  not  present  any  re-entering  angles, 

p 
Although  they  should  occur,   both  on  account  of  _  and 

.    ft- 

To  this  class  likewise  belong  the  well  known  cruciform 
twin-crystals  of  paratomous  Kouphone-spar  and  prismatoi- 
dal  Garnet.  The  crystalline  form  of  the  first  is  P.  Pr  +  oo. 
Pr  +  OS ;  the  &ce  of  composition  is  P  +  oo,  and  the  axis  of 
revolution  is  perpendicular  to  it,  YoL  II.  Fig.  40.,  without 
the  feces  U  The  form  of  the  other  is  P  —  08.  P  -|-  oo. 
i^r  -H  00  ;  the  face  of  composition  is  one  of  the  feces  of  f  Pr, 
and  the  axis  of  revolution  is  perpendicular  to  it. 

We  may  observe,  in  respect  to  the  latter  two  twin-crys- 
tallisations, that  they  represent  in  some  measure  the  double 
of  what  we  have  seen  in  the  preceding  cases,  so  that  a  more 
symmetrical  assemblage  of  the  two  individuals  is  produced, 
which  is  not  the  case  with  the  greater  number  of  the  other 
twin-crystals.  This  peculiarity  is  owing  to  the  cirpum- 
^t^tnce  that  the  individuals  do  not  terminate  at  the  face  of 
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composition,  but  that  they  are  continued  beyond  it,  wkidi 
causes  ^eir  cruciform  aspect  In  the  eryataliographic  sign 
of  similar  compositions,  the  number  2  is  prefixed  to  the 
sign  of  the  &oe  of  composition.  Thus  the  twin-crystal  of 
^ntiMBous  Kouphone-spar  is  expressed  by  P.  Pr-\-co* 
Vr  +  60,  ^{  ~^  }«  ^^^  of  prismatoidal  Garnet  by  P  — o». 

P  +  00.  )^r  +  OD,  2 1  t —  !•  •    Other  systems  present  ranular 

occurrences,  as,  for  instance,  one  of  the  most  remarinble  in 
the  hexahedral  pentagonal-dodecahedrons  of  hexahedrsl 
Iron-pyrites. 

The  crystallographic  sign  of  the  cruciform  pentagonal- 
dodecahedron  is  -A  2{  v};  the  &ce  of  composition  being 

one  of  the  fiuses  of  the  dodecahedron  (§.  63.). 

Another  kind  of  twin-ciystals  results,  if  the  fiue  nf  com- 
potUion  u  perpendicular  to  ah  edge  of  the  crytiaUine  Jbrm^  and 
the  oxiM  qf  revolution  paraUd  to  this  edge^  or,  which  is  the  same 
thing,  perpendicular  to  the  face  of  composition.  Bhombo- 
hedrai  Ruby-blende  affords  examples  of  this  law;  the  crys- 
talline form  R  ~-  1.  P  +  00  is  composed  in  a  hoe  perpen- 
dicular to  one  of  the  terminal  edges  of  A  —  1,  or  to  the 
inclined  diagonal  of  R  —  2,  the  axis  of  resolution  being 
parallel  to  this  line.  VoL  II.  Fig.  139.    The  crystallographic 

signisR—l.  P  +  cd,{1=^^^};  where  R~2.  R-.  1 

indicates  those  edges,  which  at  the  same  time  lie  in  the 
planes  of  R  —  1,  and  of  R  —  2. 

According  to  this  law  may  be  explained  the  twin-crystals 
of  di-prismatic  Lead-baryte,  prismatic  Lime-haloide,  pria- 
matic  Melane-glance,  &&,  whenever  they  assume  a  cruci- 
form aspect.  Under  these  circumstances,  the  present  law 
is  as  it  were  complementary  to  the  preceding  one,  and 
either  of  them  may  be  applied,  although  in  many  cases  the 
preceding  one  will  be  found  more,  simple.  The  law  of  the 
composition  of  di-prismatic  Lead-baryte,  VoL  11.  Fig.  38., 

may  therefore  be  expressed  either  by  2(Pr},   or  by 
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2{P.  1hr|;  of  which  the  former  iudicates  the  face  of  com-  ^ 
position  to  be  parallel  to  both  the  faces  of  the  hor  zontal  prism 
^r,  while  the  latter  refer  to  ^es  of  composition  perpendi- 
cular to  those  edges  of  P,  in  which  the  pyramid  is  touched 
by  the  &ce8  of  ^r.  The  continuation  of  the  individuals 
bejond  the  faces  of  composition  produces  the  identity  of 
the  vesultfl  <^tlie  two  Jaws. 

Prismatic  Feld-spar  gives  an  interesting  example  of  an* 
other  law  of  regular  composition,  in  which  the  face  cfcompo* 
sition  is  parallel  to  ajhce  afcryttallisation^  hut  the  axu  of  revo» 
luHon  lies  in  the  same  face,  and  coincidet  with  an  axis  of  the 
crystaUine  firm.    Its  ciystalline  form  is  the  combmation 

SB  2 

VoL  IL  Fig.  61.    The  face  of  pomposition  is  Pr  -f  co ;  the 
axis  of  revolution  is  situated  in  it,  and  parallel  to  the  jtfrin* 
cipal  axis  of  P.    After  having  placed  two  crystals  oFthis 
form  in  an  upri^t  and  parallel  pgntion,  we  must  turn  the 
bujp  round  its  vertical  axis,  while  the  other  remains  un- 
moved.   In  the  position  thus  produced,  the  junction  of  th^ ,      .; 
two  individuals  will  produce  a  twin-crystaL    But  we  may   ^    \ 
join  them  either  with  those  £ices  of  Pr  -f  oo  (il/ ),  which  are  J 
situated  to  the  right,  or  with  those  which  are  situated  to  tUT^ 
left  of  the  fiice  y,  which  is  conceived  to  be  turned  towaros^ 
the  observer,  and  contiguous  to  the  upper  apex  of  the 
form*    The  product  in  the  first  case  will  be  the  twin- 
crystal   represented,   VoL  II.   Fig.  80.,    and   its   crys- 

taUogniphic  sign^L^t?.  —  ^.  (thr  +  »)•.  Pr  +  «, 

{r,Pr+eo  :  &r+eo.  Pr+oo);  the  product  of  the  second  is 
the  twin-crystal,  VoL  II.  Fig.  8L,  and  its  sign  L_ LL?, 


.-) 


— t^(Pr+c©)«.Pr+co,(l,Pr  +  co    :    Pr+oo.  Pr+oj). 
2  .,  ' 

The  first  part  of  the  expression  within  the  braces,  indicates 
the  right  or  the  left  face  of  Pr  +  oe  to  be  the  face  of  com- 
position, while  the  second  expresses  the  direction  of  the 


O 
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axM  of  revolution  by  the  edge  produced  between  Ih:  +  o 
and  Pr  -f  OB,  which  is  parallel  to  the  axis  of  P. 

Cleavage  confirms  to  the  faU  extent  of  its  application, 
every  thing  that  has  been  said  here  on  the  subject  of  twin- 
crystals.  For  it  is  possible  to  extract  from  the  twin-crystals 
compound  forms  of  cleavage,  in  which  those  parts  which 
belong  to  one  individual  represent  the  real  forms  of  cleavage 
of  the  species. 

§.    180.  ^IRREGULAR    COMPOSITION.      GROUPE    AND 

GKODB  OF  CRYSTALS. 

If  several  loose  or  imbedded  crystals  are  merely 
aggregated  (§.  178.),  so  that  the  one  becomes  the 
support  of  the  other,  while  there  exists  no  general 
support;  the  assemblage  is  termed  a  Groupe  of 
Crystals ;  if,  however,  several  crystals  of  that  kind 
are  fixed  to  a  common  basis,  so  as  to  produce  a  ge- 
neral support  for  them  all,  the  assemblage  is  siud 
to  be  a  Geode  of  Crystals. 

The  difference  between  these  two  sorts  of  assemblages 
is  the  same  as  that  existing  between  an  imbedded  and  an 
implanted  crystal. 

There  is  sometimes  a  certain  order  observable  in  these 
groupes  of  crystals,  although  this  is  never  geometrical  re- 
gularity (§.  178.);  and  no  regular  form  is  produced  in  the 
assemblage.  Both  the  groupes  and  the  geodes  refer  only 
to  compound  minerals,  never  to  such  as  are  mixed. 

These  compositions  consist  of  individuals  of  considerable 
size,  which,  therefore  may  be  very  easily  recognized  ;  they 
assume  always  their  regular  form,  as  soon  as  they  are  dis- 
engaged, or  cease  to  touch  other  individuals.  Upon  these 
assemblages  is  founded  the  explanation  of  several  forms  oi 
compound  minerals  found  in  nature. 
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§.  181.    IMITATIVE  SHAPES. 

The  shape  of  a  compound  mineral  is  called  an 
iTnitaiive  or  particular  ecctemal  Shape^  if  it  bears 
some  resemblance  to  the  shape  of  another  natural 
or  artificial  body.  Some  of  these  forms  are  pro- 
duced in  a  space  not  incumbered  with  matter,  and 
depend  upon  the  properties  peculiar  to  the  minerals 
themselves,  without  being  influenced  by  any  con- 
tiguous matter;  others  owe  their  shape  to  that 
extraneous  or  foreign  matter,  with  which  they  are 
surrounded.  The  latter  of  these  have  been  called 
extraneous  imitative  STiapes. 

The  groupes  and  geodes  are  the  simplest  modes  in  which 
the  irregularly  compound  minerals  appear  in  nature.  If 
th«  individuals  thus  connected  are  diminished  in  size,  and 
if  their  number  at  the  same  time  increases,  Imitative 
forma  are  produced  from  the  groupes  of  crystab ;  which, 
although  thej  are  founded  in  the  nature  (^  the  individuals 
themseJjves,  jet  cannot  be  employed  to  an j  useful  purpose 
in  Natural  History.  The  extraneous  imitative  fiirms  can- 
not  be  brought  into  any  connection  with  these  groupes 
at  all;  they  do  not  depend  upon  the  natural  forms  of 
the  individuals ;  on  the  contrary,  in  most  cases  where  they 
are  observable,  we  find  them  quite  contradictory  to  the  na- 
ture of  the  individuals  which  they  contain.  For  in  these 
the  form  depends  entirely  upon  the  shape  of  the  space  pre- 
viously existing,  and  is  accordingly  entirely  accidental. 

§.    182.    IMITATIVE   SHAPES    OUICINATIKG    IN    THE 

GBOUPES  OF  CRYSTALS. 

The  imitative  shapes  which  originate  from  the 
groupes  of  crystals,  are  loose  or  imbedded,  and 
more  or  less  regular,  globular  or  spheroidal  masses. 
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'  '.  JUr  the  individuald  connected  with  each  other  become  yerj 

'■   hcaA^  but  join  in  a  great  number  into  a  groupe  of  ciTstals, 

"  *  gkibuJar  forms  result,  which  are  sometimes  perfect,  some* 

'    times  very  imperfect.    Their  surface  is  drusj,  or  coyered 

with  asperities,  where  it  has  not  been  disfigured  in  its 

formation,  or  by  subsequent  accidental  drcunutances.    In 

their  interior  we  may  still  discover  the  direction  of  the 

constituent  individuals,  which,  in  most  cases,  corresponds 

to  the  direction  of  the  radii  of  a  sphere ;  they  begin  in  the 

centre,  and  terminate  at  the  surface.    Imbedded  i^obular 

shapes,  like  imbedded  crystals,  are  complete  on  all  sides, 

and  leave  an  impression  of  their  form  in  the  maas  firom 

which  they  have  been  detached; 

Seve^  globular  masses  of  this  kind,  if  attached  to  one 
another,  may  produce  reniform  and  botryoidal  shapes, 
iirhich,  however,  require  to  be  distinguished  from  those  de» 
scribed  in  g.  183. 

«  The  loose  or  imbedded  globular  shapes  difi&r  from  grsins 
and  angular  masses  (§.  160.),  in  as  much  as  they  axe  not 
simple  minerids.  Examples  of  imbedded  globular  diapes  oc- 
cur in  prismatic  Iroti-pyrites,  in  prismatic  AjEure-malachite^ 
and  other  species ;  the  same  Malachite  presents  also  reni* 
ibrm  and  botiyoidal  shapes  formed  from  imbedded  crystals. 

§.  163.    IMITATIVE   SHAPES   AKlSIl^d  OUT    OF    THB 

GEODES  OF  CRYSTALS. 

There  are  three  different  kinds  of  imitatiYe 
shapes  resulting  from  geodes  of  crystals :  1.  Those 
in  which  the  individuals  spring  from,  or  are  attached 
to  a  common  point  of  support ;  S.  Those  in  which 
the  individuals  form  one  the  support  of  the  other ; 
and  3.  Those  in  which  the  support  is  cylindrical, 
sometimes  a  simple  line,  sometimes  a  tube. 

Among  those  of  the  first  division  we  find  the  implanted 
giobklar  thapet.  They  arise,  if  very  thin,  capillary  crystals,  or 
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in -general,  such  aa  have  one  of  their  dimenaiona  con8ideTabl3r 
aurpaaaing  the  othera,  are  fixed  with  one  of  their  enda  to  a 
eommon  point  of  aupport,  finom  which  they  diverge  in  every 
direction.  The  mode  of  the  formation  of  auch  glohuhur 
ahapea  ia  more  apparent;  if  the  number  of  the  individual 
ia  not  ao  great  that  they  touch  each  other  on  all  aidea. 
The  implanted  globulea  muat  necessarily  be  incomplete, 
beeauae  the  implanted  crystala  of  which  they  conaiat,  are 
themselvea  incomplete,  and  therefore  they  leave  no  Inu 
preaaion  when  detached  from  their  support.  Globular 
ahapea  of  thia  kind  occur  very  frequently  iiL  priamatic 
Kouf^one-apar,  in  macrotypoua  Lime-habide,  in  priamatic 
Hal.baiyte,  &c- 

I^  during  the  formation  of  aeveral  globulea,  they  come 
into  contact  with  each  other,  there  will  ariae  rettifbrm  and 
hoiryoidal  ahapea,  which  therefore  are  nothing  else  than 
aeveral  implanted  globulea  joined  together.  The  aingle 
globulea  are  separated  from  each  other  by  fiu»a  of  composi- 
tion. Rhombohedral  Iron-ore  very  often  affecta  riiapea  of 
thia  deacription,  in  «which  apeciea  they  are  known  under 
the  name  of  HamaHies.  They  occur  also  in  the  varietiea 
of  rhombohedral  Quartz,  called  Calcedony.  In  these  veiy 
often  the  individuals  are  ao  delicate,  that  they  withdraw 
themaelvea  finom  obaervation. 

Into  the  preaent  clasa  belong  also  the  fruHcote  shapes, 
which  posaeas  some  resemblance  with  parts  of  certain 
plants,  and  moat  of  those  commonly  called  dendritic^  the 
latter  of  which  may  penetrate  throughout  the  whole  maas, 
or  only  be  auperfidaL 

The  aecond  diviaion  containa,  among  others,  the  dentU 
fimiy  the  JUiftfrm^  and  the  capUlary  diapea.  Theae  arise,  if 
one  implanted  crystal  ia  the  aupport  of  another,  thia  of  a 
third,  and  ao  on ;  so  that  rows  of  such  crystals  are  pro- 
duced, aa  we  may  obaerve  them  very  often  differently  bent 
in  hexahedral  Silver,  in  octahedral  Copper,  and  also  in 
octahedral  Iron ;  in  the  kat  of  theae,  however,  they  have 
not  yet  been  found  disengaged.  If  the  crystala  join  ao  very 
intimately,  that  it  ia  no  longer  possible  to  diatioguiah  them 
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from  each  other,  those  imitative  shapes  result,  which  aie 
not  unfrequently  met  with  in  the  above  mentioned  spedes. 

Sometimes  several  rows  of  individuals  thus  composed 
join  within  one  and  the  same  plane  in  certain  constant  di- 
rections,  so  that  the  individuals  of  the  one  of  these  series 
do  not  join  with  those  of  the  other,  but  remain  separate. 
Thus  the  dendritic  shapes  are  produced,  of  which  most  dis- 
tinct varieties  occur  in  hezahedral  Silver  and  hezahedral 
Gold.  The  same  minerals  evidently  shew  the  formation 
of  the  dendritic,  as  also  that  of  the  dentiform,  fililbrra, 
and  capillary  shapes,  in  those  varieties  where  the  indivi- 
duals constituting  them  still  may  be  distinguished  in  the 
compontions.  To  this  division  belong  also  some  of  the 
superficial  dendritic  shapes  formed  in  fissures. 

If  the  rows  of  individuals,  thus  arranged,  approach  so 
near  each  other  that  thej  at  Isst  meet,  so  as  to  form  a  con- 
tinuous mass,  they  are  said  to  occur  in  the  external  shape 
of  leaves  or  membranes,  which  are  among  the  most  common 
shapes  found  in  hexahedral  Gold,  where  they  exhibit  va- 
rious modifications.  In  some  of  them  we  may  still  diacem 
the  individuals ;  in  others  there  are  striae  in  certain  direc- 
tions, indicating  their  composition,  so  that  their  mode  of 
formation  does  not  remain  doubtfuL  From  external  shapes 
of  this  description,  we  may  infer  that  those  likewise  whose 
smooth  sur&ccs  nu  longer  present  any  traces  of  composi- 
tion, are  yet  owing  to  the  aggregation  of  several  indi- 
viduals. 

Compound  minerals,  like  those  now  described,  may 
again  join  in  a  new  composition,  in  which  consequently  the 
individuab  are  arranged  in  the  direction  of  difierent  planes ; 
in  most  cases  at  right  angles  to  each  other.  Thus  the  «r- 
ticulaied  shapes  arise,  of  which  the  most  distinct  specimens 
occur  in  octahedral  Cobalt-pyrites.  In  these  very  often 
the  composition  itself  is  still  observable.  Some  of  the  re- 
ticulated forms,  however,  allow  of  a  different  explanation, 
i^  instead  of  rows  of  individuals,  they  consist  of  capillary 
crystals,  like  those  of  peritomous  Titanium-ore. 

The  third  division  comprehends  the  tUUactitic  and  coraikmUU 
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shapes.  The  first  of  these  consist  of  individuals  which  are 
perpendicular  to  every  point  of  a  straight  cylindrical  or  linear 
support  in  its  whole  circumference,  as  appears  from  many 
examples  in  prismatic  Iron-ore,  in  prismatic  Iron-pyrites, 
where  the  composition  commonly  is  still  observable,  and  in 
the  varieties  of  rhombohedral  Quartz,  called  Calcedony, 
where  the  individuals  no  longer  can  be  distinguished.  On 
a  Yery  lai^  scale  they  are  not  uncommon  in  limestone 
caves,  and  consist  of  varieties  of  rhombohedral  I^ime-ha- 
loide.  The  coralloidal  shapes  consist  of  Individuals  inclined 
at  an  angle  to  their  support,  which,  although  linear,  is  not 
straight ;  they  are  fixed  upon  this  support  in  every  part  of 
the  circumference,  exactly  as  is  the  case  in  the  stalactitic 
shapes.  This  sort  of  imitative  shapes  occurs  not  unfre- 
quently  in  prismatic  Lime-haloide,  particularly  in  those 
varieties  which  have  been  called  Fht-ferri. 

There  occur  many  more  imitative  shapes  in  nature  than 
those  contained  in  the  preceding  examples,  and  many  more 
have  been  distinguished  and  described  by  mineralogists. 
But  these  few  examples  will  be  sufficient  to  shew  the  me. 
thod  of  explaining  all  forms  similarly  composed. 

§.  184.   iVMOBPHOUS  COMPOSITIONS. 

If  the  mass,  formed  by  the  junction  of  several 
individuals,  is  not  only  of  an  irregular  shape,  but  if 
even  in  this  we  cannot  trace  any  resemblance  with 
the  shape  of  another  body,  the  mineral  is  said  to 
be  massive. 

Massive  minerals  are  amorphous  irregular  compositions  of 
individuals  of  the  same  species,  which  are  in  contact  with 
each  other  on  all  sides.  The  difference  between  massive 
minerals,  and  those  forms  resulting  from  the  groupes  of 
crystals,  which  deviate  more  or  less  from  the  spheroidal 
8ha|)e,«  consists  merely  in  the  strong  adhesion  of  the  for- 
mer to  the  surrounding  masses  of  other  species.  It  is 
formed*  however,  and  assumes  a  shape  corresponding  to 
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its  own  inherent  powers,  and  does  not  depend  upon  its 
support,  in  as  much  as  we  are  led  to  suppose  both  of  them 
to  be  of  contemporaneous  origin. 

Massive  minerals  of  a  smaller  size  are  also  called  rfmrwi- 
nated  minerals,  which  have  again  been  subdivided  according 
to  the  size  of  the  particles.  Verj"  large  masses  of  amor- 
phous minerals  sometimes  enier  into  the  composition  of 
rocks,  as  rhombohedral  Lime-haloide  and  prismatoidal  Gjp- 
sum-haloide,  several  varieties  of  Iron-ores,  &c.  Under 
these  circumstances  they  assume  the  shape  of  beds,  &c, 
the  consideration  of  which  is  no  longer  an  object  of  Natu- 
ral History. 

§.  185.  ACCIDENTAL  IMITATIVE  SIf APKS. 

The  accidental  imitative  shapes  presuppose  an 
empty  space,  which  has  been  filled  up  by  ihe  indi- 
viduals of  compound  minerals,  to  which  is  trans- 
ferred the  form  of  the  pre-existing  space. 

In  this  case,  the  shape  which  the  mineral  assumes  is  not 
a  consequence  of  the  properties  inherent  in  the  mineral, 
or  peculiar  to  its  nature,  but  it  merely  belongs  to  that  space, 
in  which  the  formation  takes  place.  The  sides  of  this  space 
serve  as  support  for  the  individuals.  Thus,  at  first  a  coat- 
ing is  formed,  which  consists  of  small,  but  in  many  cases 
very  perceptible  crystals,  whose  apices  are  turned  towards 
the  inmde  of  the  empty  space.  This  accounts  for  the  hoU 
lowness  of  many  imitative  forms  of  this  kind,  of  which  the 
cavities  are  still  lined  with  crystals.  Sometimes  also  we  find 
in  the  interior  of  such  specimens,  implanted  globular,  reni- 
form  or  botryoidal  shapes,  &c,  in  short,  imitative  forms  de- 
pending upon  the  crystallisation  of  the  mineral  itselE  '  Yet 
the  external  shape  of  the  whole,  or  of  the  compound  mi- 
neral, must  always  be  considered  as  an  accidental  imitative 
shape. 

If  the  whole  of  the  space  is  entirely  filled  up,  there  re- 
mains nothing  else  but  the  mode  of  composition  of  the  in- 
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dividuals,  from  whicli  we  maj  judge,  without  giving  anj 
attention  to  the  surrounding  mus,  whether  the  imiiatiTe 
shape  be  the  result  of  crystallisation,  or  whether  it  has  been 
influenced  by  other  circumstances. 

The  space  in  which  the  accidental  imitative  shapes  are 
formed,  may  be  either  regular  or  irregular.  A  regular 
space  cannot  be  produced  except  by  crystallisation ;  and 
this  may  be  either  in  the  interior  of  a  real  crystal,  or  it  is 
the  cast  of  a  crystal  in  the  surrounding  mass(^  186.).  The 
first  is  not  uncommon,  particularly  in  laige  crystals  of 
rhombohedral  Quartz,  where  part  of  the  space  of  the  crys- 
tals has  remained  empty,  and  is  regularly  limited  by  the 
surrounding  crystalline  mass. 

The  irregular  spaces  sometimes  consist  of  accidental  fis- 
sures, cracks,  and  other  similar  openings :  sometimes  they 
depend  upon  the  structure  of  the  surrounding  mass,  which 
in  many  instances  belongs  to  the  class  of  rocks;  others  at 
last  arise  from  moulds  of  various  minerals,  and  also  of 
organic  bodies. 

The  different  description  of  the  space  in  which  compound 
minerals  are  formed,  produces  a  distinction  of  their  forms 
into  regular  and  irregular  accidental  imitative  formSi 

§.  186.    EE6ULAR  ACCIDENTAL  IMITATIVE  SHAPES. 

PSEUDOMORPHOSES. 

The  regular  imitative  shapes  of  the  preceding 
paragraph  have  been  caXled' Pseudomarphoses^  or 
Supposititious  Crystals.  The  latter  denomination 
seems  to  be  rather  improper,  since  they  share  so 
very  little  in  the  properties  of  real  crystals. 

No  pseudomorphoses  ase  formed  in  such  impressions  as 
originate  from  imbedded  crystals,  which  can  be  separated 
from  their  surrounding  mass  (§.  160.) ;  at  least  experience 
has  not  as  yet  furnished  us  with  any  well  authenticated  in- 
stsnces  which  could  not  be  explained,  but  on  that  suppo- 
sition. 
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But  if  an  implanted  crystal  (§.  160.)  is  covered  over  by 
the  mass  of  another  mineral,  which  has  been  formed  after 
the  production  of  the  first,  the  deposite  of  new  individuab 
will  at  first  constitute  a  Coating,  which  consists  of  minute 
crystals,  and  through  which  the  form  of  the  implanted  crys- 
tal stiU  continues  to  be  perceptible;  the  mineral  may  yet 
proceed  in  its  formation,  and  become  massive,  or  it  may  as- 
sume any  other  imitative  shape,  in  which  the  form  of  the 
original  implanted  crystal  entirely  disappears.  The  crys- 
tal is  moulded  in  this  mass ;  and,  if  it  be  taken  away,  or 
decomposed,  it  wiU  leave  an  ImprettioH  of  its  form.  Rhom- 
bohedral  Quartz,  and  many  other  minerals,  present  in- 
stances of  similar  impressions.  From  the  form  of  the  im- 
•  presaion,  we  may  very  often  infer  by  what  mineral  they 
have  been  occasioned.  What  has  been  called  the  ramo$e 
shape  of  the  octahedral  Iron  firom  Siberia,  is  nothing  else 
but  the  result  of  impressions  produced  by  crystals  and 
grains  of  prismatic  Chrysolite. 

The  crystals  sometimes  are  again  decomposed  in  the 
place  of  their  formation,  and  thus  leave  the  impressions  of 
their  form  on  other  minerals,  which  have  escaped  this  de- 
struction. If  in  these  empty  spaces  a  new  compound  mine- 
ral is  formed,  it  must  necessarily  assume  the  shape  of  the 
space  already  existing,  since  the  ndes  of  this  become  the 
support  of  the  Individuals  newly  formed.  Thus  pseudomor- 
phoses  are  formed,  which  appear  in  the  shape  of  implanted 
crystals,  if  the  mass  containing  the  impressions,  by  what- 
ever circumstances,  happens  to  disappear. 

All  the  peculiarities  of  the  pseudomorphoses  can  easily 
be  explained  from  the  mode  of  their  formation  now  de- 
scribed. 

The  form  of  the  pseudomorphoses  has  no  relation  at  all 
to  the  nature  of  the  mineral  in  which  it  occiu^  For  it 
is  entirely  accidental,  from  what  mineral  the  impression  is 
derived  in  which  the  new  individuals  have  been  deposited. 
Hence  it  is  not  derived  from  the  composition  of  the  indi- 
viduals contained  in  the  pseudomorphosis  (§.  17S.>  Thus 
in  rhombohedral  Qusrtz  we  meet  with  forms  originating 
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from  rhombohednd  Lime-haloide,  from  octahedral  Fiuor- 
haloide,  from  prismatoidal  Gypsum-haloide,  &c  ;  which  ia 
sufficient  to  prove,  that  the  forms  of  the  pseudomorphoses 
cannot  by  any  means  be  members  in  the  series  of  crystal- 
lisation of  those  species  (§.  136.),  to  which  they  belong. 

The  quality  of  the  sur&ce  of  the  pseudomorphosis  depends 
only  upon  its  form,  and  not  upon  its  substance  or  its  mode 
of  composition.  For  the  elevations  and  depressions  of  the 
mould  are  likewise  expressed  in  the  cast,  which  in  this  case 
is  the  pseudomorphosis.  The  quality  of  this  surface  tends 
very  often  to  indicate  the  mineral,  from  which  the  form  is 
derived,  particularly  if  these  forms  belong  to  the  tessular 
system,  which  occurs  in  several  species.  Thus  rhombo- 
hedral  Quartz  presents  not  unfrequently  pseudomorphic 
hexahedrons,  which  as  such  may  originate  from  various 
minerals.  But  on  a  closer  inspection,  we  observe  upon  the 
fiices  of  some  of  them,  the  obtuse  apices  of  isosceles  tetra- 
gonal pyramids,  which,  as  it  is  mentioned  in  §.  176.,  belong 
to  the  hexahedral  tetragonal-icositetrahedron,  a  form  not 
uncommon  in  octahedral  Fluor-haloide.  We  may  hence 
infer  that  the  form  of  the  pseudomorphosis  of  rhombohe- 
dral  Quartz  now  under  consideration,  is  owing  to  the  spe- 
cies of  octahedral  Fluor-haloide. 

The  surfiice  of  the  pseudomor]^osis  is  never  drusy  in 
the  sense  of  §.  176.,  but  only  in  the  way  described  above. 
But  sometimes  it  bears  a  new  coating  of  very  minute  crys- 
tals, of  the  species  of  which  the  pseudomorphosis  consists. 
This  is  not  at  all  uncommon  in  many  of  those  pseudomor- 
phoses of  rhombohednd  Quartz,  which  afPsct  the  form  of 
rhombohedral  lime-haloide.  In  general  the  surface  of  the 
jiseudomorphoses  is  less  smooth  and  shining  than  that  of 
real  crysttds  of  the  species.  This,  however,  is  merely  ac- 
cidental, and  does  not  deserve  to  be  classed  among  the  pe- 
culiar and  constant  charactera  of  pseudomorphoses. 

The  pseudomorphoses  are  very  often  hollow  in  their  in- 
terior ;  the  cavities  are  lined  with  crystals,  or  with  reni- 
form  and  other  imitative  shapes  of  that  species,  which  con- 
stitutes the  pseudomorphoses.     There  are  crystals  which 
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contain  cftvities,  either  empty  or  filled  with  water  and  other 
fluids.  These  are  alwa^rg  in  close  relation  to  the  external 
form  of  the  crystals  themselves,  which  is  not  the  case  in 
the  pseudomorphoses.  Another  class  of  openings  in  the  in- 
terior,  occasoned  by  other  minerals  being  included,  must 
be  referred  to  the  impressions. 

The  pseudomorphoses  are  compound  minerals,  even 
thou^  on  account  of  the  minuteness  of  the  individuals,  the 
composition  should  no  longer  be  perceptible.  But  they 
are  also  very  often  mixed,  since  several  species  may  be  de- 
posited in  an  impression  at  the  same  time,  in  the  same 
way  in  which  several  species  may  enter  into  the  composi- 
tion of  a  geode. 

The  pseudomorphoses  cohere  immediately  with  the  a^a- 
oent  mass,  and  therefore  seem  only  to  be  implanted. 

This  also  is  the  case  in  certain  real  ciystals ;  but  here  the 
crystals  form  only  those  parts  of  the  individuals  constituting 
the  support,  which  have  reached  the  free  space,  and  which 
fiv  that  reason  have  assumed  a  r^pilar  form. 

Mere  coatings  of  crystals  must  not  be  enumerated  along 
with  the  pseudomorphoses,  since  the  latter  are  produced  by 
the  process  of  subsequent  formation  in  a  mould,  as  it  has 
been  explained  before.  Nor  can  it  be  allowed  to  consider 
decomposed  or  otherwise  destroyed  varieties  of  one  species, 
as  pseudomorphoses  of  another  (g.  21.).  Thus  the  decom- 
posed varieties  of  hexahedral  Iron-pyrites  can  never  be- 
come pseudomorphoses  of  prismatic  Iron-ore,  nor  those  of 
paratomous  Augite-spar  pseudomorphoses  of  Green-earth, 
the  latter  being  a  variety  of  prismatic  Talc-mica. 

The  origin  oif  another  remarkable  appearance,  is  so  very 
nearly  related  to  that  of  the  pseudomorphoses,  that  there 
is  no  place  more  adapted  than  this  for  its  explanation. 

Sometimes  it  happens  that  also  the  regular  structure  of  a 
simple  mineral  is  impressed  into  the  mass  of  another,  whidi 
enters  into  fissures  parallel  or  dependent  upon  this  struc- 
ture. If  now  the  simple  mineral,  by  whatever  accident,  is 
decomposed,  the  remaining  compound  one  uill  represent 
a  shape  which  entirely  depends  on  the  structure  of  the 
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decomposed  individuaLs..  The  same  takes  place  if  the  indi- 
viduals of  compound  minerals  do  not  cohere  from  all  sides, 
so  that  thej  allow  of  the  interposition  of  foreign  matter. 
Thus  the  celluhr  shapes  arise,  of  which  again  the  former 
have  been  called  regular,  and  the  latter  irregular  cellular 
shapes.  The  sides  of  the  alveolae  again  are  sometimes 
lined  with  minute  orystals  of  a  third  mineral,  and  this 
among  others  is  the  case  in  what  has  been  called  the  cellu- 
lar Pyrites.  In  that  mineral  the  sides  of  the  alveoke  are 
perpendicular  to  each  other,  because  they  express  the  struc- 
ture of  hexahednd  Lead-glance;  they  consist  of  rhombohe- 
dral  Quartz,  and  are  lined  with  crystals  sometimes  of 
hexahedral,  sometimes  of  prismatic  Iron-pyrites.  On  Xhis 
account  it  is  necessary  tp  refer  some  varieties  of  cellular 
pyrites  to  the  one,  some  to  the  other  spedes  of  the  genus 
Iron-pyrites. 

The  crystals  of  Steatite  are  considered  as  real  crjrstals  by 
some  mineralogists,  by  others  as  pseudomorphoses :  nothing 
decisive,  however,  has  been  brought  forward  in  respect  to 
this  point ;  and  they  require  therefore  a  very  accurate  exa- 
mination, to  prevent  us  from  forming  an  erroneous  opinion 
of  their  nature.  n 

§.  187.  IBBEGDLAU  ACCIDENTAL  IMITATIVE 

SHAPES. 

According  to  the  quality  of  the  space,  in  which 
these  imitative  shapes  have  been  formed,  they  may 
be  distinguished  into  :  1 ,  such  whose  form  is  entire- 
ly  accidental ;  2,  such  whose  form  depends  upon 
particular  openings  in  other  minerals,  which  are  not 
simple  ones ;  and  3,  such  whose  form  depends  upon 
bodies,  not  belonging  to  the  mineral  kingdom. 

In  the  mass  of  rocks,  and  in  that  of  beds  and  veins,  we 
very  often  meet  with  cracks  or  fissures,  which  seem  to 
have  once  been  open,  or  which  still  continue  so.    Com- 
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.  monly  this  eppearance  is  explained  by  suj^posiiig  them  to 
be  real  fissures,  or  that  the  coherence  of  the  particles  in 
the  rocky  mass  has,  in  their  place,  by  whatever  means, 
been  resolved.  If  a  mineral  is  formed  in  a  fissure  of  that 
kind,  it  must  necessarily  assume  its  form  ;  and  the  mineral 
appearing  in  this  shape,  is  said  to  occur  in  Plutct,  Mixed 
minerals  likewise  may  affect  this  shape;  and  the  veins 
themselves  might  be  quoted  as  examples,  if  their  consi- 
deration did  not  belong  to  another  science.  These  fissures 
sometimes  are  so  very  narrow,  that  a  fluid  can  scarcely 
enter  between  their  sides;  a  mineral  formed  in  such  a 
space  is  said  to  occur  tupcrjiclal^  which  in  fact  is  nothing 
else*  but  a  very  thin  plate.  Examples  occur  in  hexahe- 
dral  Silver,  octahedral  Copper,  &c.  both  of  plates,  and  of 
superficial  varieties. 

There  are  instances  where  the  sides  of  these  fissures 
Are  nearly  even,  and  possess  a  certain  degree  of  polish. 
Fissures  of  that  description  very  seldom  seem  to  have 
been  filled  up  with  other  minei-als :  on  the  contrary,  the 
sides  are  commonly  in  immediate  contact  with  each  other. 
Minerals  are  said  to  occur  tpecular^  if  specimens  of  them 
shew  part  of  such  polished  sides  of  fissures.  The  specular 
&ces  sometimes  shew  a  particular  sort  of  strise,  Vhich 
would  deserve  very  well  to  be  noticed  by  geologists.  As 
examples,  we  may  quote  specular  hexahedral  Iron-py- 
rites,  hexaliedral  Lead-glance,  bnichytypous  Parachrose- 
bary  te,  itc. 

Several  rocks  contain  vesicular  cavities.  In  these  ca- 
vities minerals  are  formed,  which  consequently  must  as- 
sume their  shape,  and  ap])ear  as  more  or  less  spheroidjd 
masses.  Such  globules  very  often  consist  of  th^  varieties  of 
more  than  one  species,  and  are  sometimes  hollow  inside. 
They  must  be  accurately  distinguished  from  the  grains 
(§.  160.),  and  firom  the  globules  described  above  (§.  183.). 
Among  the  present  we  must  class  also  the  Agate-balls,  and 
the  balls  of  other  varieties  of  rhombohedral  Quartz,  as  of 
flint,  of  Egyptian  jasper,  &c. 
If  this  kind  of  globular  concretions  is  not  hollow  inside, 
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and  at  Uie  same  time  very  irregular,  so  as  to  exhibit  some 
resemblance  with  the  roots  of  certain  plants,  the  forms 
arising  are  called  tuberose;  of  which  flint  is  one  of  the 
most  common  examples. 

To  this  class  also  we  must  refer  the  irregular  cdlular 
riiapes  (§.  186.).  The  present  subject  is  o(  little  value  in 
ficientiflc  Mineralogy,  and  does  net  require,  therefore,  very 
nice  divisions. 

Those  shapes  which  depend  upon  forms  foreign  to  the 
mineral  kingdom,  are  the  petrifactumt.    There  is  no  difier- 
ence  between  the  formation  of  the  greater  part  of  petri- 
&ction8,  and  of  the  pseudomorphoses  or  the  accidental 
imitative  forms,  and  it  does  not  require  any  particular  ex- 
planation.    Mineralized  organic  substances  cannot  be  class- 
ed among  real  petrifactions.    These  are  not  formed  like 
pseudomorphoses,  in  which  the  space  left  empty  by  the 
decomposition  of  one  body  is  filled  up  by  another,  but  the 
organic  mass  is  metamorphosed  or  changed  into  that  of 
the  mineraL     Mineralized  organic  bodies,   besides  their 
original  shape,  also  may  retain  their  original  structure,  as 
numerous  varieties,  particularly  of  bituminous  Mineral-coaL 
Several  minerals,  even  after  their  formation,   assume 
other  forms,  which,  however,  are  quite  accidentaL    Thus 
Pebble*  are  formed  when  fragments  of  minerals  are  carried 
along  by  water,  till,  by  attrition,  they  acquire  a  more  or 
less  roundish  or  globular  shape.     Simple,  compound,  and 
mixed  minerals,  are  found  in  the  shape  of  pebbles. 

§.  188.    PARTICLES  OK  COMPOSITION. 

The  individuals  of  which  a  compound  mineral 
consists  are  called  its  Particles  of  Composition, 

The  particles  of  composition  are  true  crystals,  which,  by 
their  contact,  have  prevented  each  other  from  assuming 
their  regular  form  (§.  160.). 

The  particles  of  composition  have  also  been  called  2>t#. 
iiftct  Concretiotu,    The  other  expression,  however,  is  by  far 


S66  TEUMINOLOGr.  §.  188. 

preferable,  in  as  much  as  by  itself  it  intimates,  tliat  thej 
can  only  appear  in  compound  minerals.  It  conveys  like- 
wise more  readily  the  idea  of  individuals,  since  distinct 
concretions  might  also  refer  to  simple  minerals.  The  idea 
of  the  individuality  of  minerals  is  one  of  those  which  have 
for  a  long  time  remained  unsettled,  and  yet  the  possibility 
of  a  scientific  mineralogical  method  greatly  depends  upon 
this  idea. 

The  particles  of  composition  are  distinguished,  according 
to  their  length,  breadth,  and  thickness,  into  gramdary  column 
ir/rr,  and  lamellar  particles  of  composition.  The  granular 
particles  have  all  their  dimensions  nearly  equal,  or  at  least 
not  very  different.  We  may  omit  here  all  those  distinc- 
tions which  mineralogists  have  introduced,  in  respect  to 
the  particular  shape  of  these  g^ranular  particles,  because 
this  being  not  a  regular  one,  it  signifies  but  little  in  th^ mi- 
neral kingdom.  Granular  limestone  (rhombohedral  lime- 
haloide),  Coccolite  (paratomous  Augite-spar),  dodecahednd 
Garnet,  &c.  contain  many  examples  of  granular  particles 
of  composition. 

In  the  colunmar  particles  the  length  is  greater  than  both 
breadth  and  thickness.  Sometimes  they  are  rather  thicker 
on  one  end  ;  sometimes  also  they  are  broad.  This,  how- 
ever, for  the  above  mentioned  reasons,  does  not  occasion 
any  fiirther  difference.  As  to  their  direction,  they  are 
either  parallel  or  diverging.  Examples  of  columnar  par- 
ticles of  composition  we  find  in  rhombohedral  Lime-haloide, 
in  a  variety  of  prismatic  Topaz  called  Picnite,  in  rhombo- 
hedral and  prismatic  Iron-ore,  &c. 

In  the  lamellar  particles,  the  length  and  breadth  surpass 
the  thickness.  These  likewise  are  sometimes  thicker  on 
one  end,  and  thus  approach  to  the  columnar  particles  of 
composition ;  in  general,  these  three  kinds  of  particles  of 
composition  are  not  contained  within  precise  limits,  but 
they  pass  insensibly  into  each  other.  There  are  straight 
and  curved  lamellar  particles  of  composition.  The  latter 
arc  not  individuals,  but  of  themselves  they  are  already 
com|)osed,  wliich  distinguishes  them  from  the  former,  even 
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in  case  they  should  themselves  be  straight,  while  the 
others  are  curved  or  bent.  Straight  lamellar  particles,  or 
such  as  in  themselves  are  simple,  are  found  in  prismatic  Hal. 
barjte,  axotomous  Kouphone-spar,  rhombohedral  Lame-ha- 
loide  (the  varieties  called  Slate-spar),  &c. 

The  size  of  the  particles  of  composition  varies  consider- 
ably.   Sometimes  they  are  so  minute  that  they  entirely 
withdraw  themselves  from  observation.    Vet  a  compound 
mineral,  consisting  of  such  impalpable  individuals,  does  not 
for  that  reason  cease  to  be  a  compound  one.     This  subject 
requires  our  particular  attention.    A  specimen  of  hexahe- 
dral  Lead-glance  being  given,  which  consists  of  consider- 
ably  large  particles  of  composition,  we  may  very  easily 
find  another,  in  which  these  particles  are  smaller,  and  a 
third,  in  which  the  size  of  the  particles  is  still  more  dimi- 
nished.   These  specimens  differ  only  in  the  size  of  their 
constituent  individuals.    We  may  continue,  and  discover  a 
fourth  variety,  a  fifth,  &c.,  every  one  of  them  being  in  a 
similar  relation  to  that  which  immediately  precedes  it ; 
very  soon  we  arrive  at  such  varieties,  whose  individuals  are 
scarcely  perceptible  to  the  naked  eye.    Yet  the  immediate 
connexion  with  the  other  varieties,  and  a  magnifying  glass, 
demonstrate  that  they  are  all  the  same  mineral,  viz.  va» 
rieties  of  heiudiedral  Lead-glance.    No  reason  can  be  as- 
mgned  why  these  varieties  should  be  the  limit  of  the 
series ;  the  members  immediately  following  will  be  the  va- 
rieties of  compact  Lead-glance ;  and  in  these  very  often  the 
individuals  are  so  minute,  that  they  withdraw  themselves 
from  observation  even  through  a  magnifying  glass.    Com- 
pact Lead-glance,  therefore,  is  not  a  simple  mineral,  but  a 
compound  one.    From  the  same  point  of  view,  we  must 
consider  the  compact  varieties  of  rhombohedral  Lime-ha- 
loide  (compact   Limestone),   of  octahedral  Fluor-baloide 
(compact  Fluor),  of  prismatic  Hal-bary  te  (compact  Heavy* 
spar),  of  rhombohedral  Quartz  (Flint,  I^omstone,  Cbiyso- 
prase,  &c.),  and  of  other  species.     The  composition  which 
really  takes  place,  cannot  be  observed  only  on  account  of 
the  minuteness  of  the  jiarticles  ofconiiNMitiun. 
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The  columnar  and  lamellar  particles  are  exactly  in  the 
same  case.  The  columnar  particles  may  stiU  very  easily  be 
traced  in  the  stakctitic  and  reniform  shapes,  called  brown 
Hematite.  But  in  compact  brown  Ironstone,  they  have 
entirely  disappeared.  Of  this  vanishing  and  impalpable 
composition,  we  have  a  very  remarkable  example  in  those 
varieties  of  rhombohedral  Quartz,  which  have  been  called 
Calcedony,  and  occur  in  reniform  and  stalactitic  shapes. 
Commonly  there  is  not  a  trace  of  their  composition  left 
in  the  interior;  but  in  some  of  its  varieties  this  com- 
position is  still  observable.  Among  these,  the  fibrous 
Camelian  is  one  of  the  most  well  known  instances. 

It  has  been  mentioned  above  (g§.  I71. 172.),  that  the  co- 
lumnar composition  has  sometimes  been  confounded  with  cer- 
tain relations  of  structure.  Fibrous  fiacture  is  always  colum- 
nar composit^ion ;  and  the  difference  between  what  has  been 
called  the  fittated  and  the  radiated  fracture,  consists  in  no- 
thing else  but  that  the  first  refers  to  simple  minerals  or  gra- 
nular compositions,  while  the  second  is  confined  to  columnar 
compositions. 

§.  189.    SINGLE  Al^D  MULTIPLE  COMPOSITION. 

The  single  composition  takes  place,  if  a  com- 
pound mineral  consists  of  individuals ;  but  if  the 
particles  of  composition  are  again  composed,  then 
the  composition  is  multiple. 

The  compositions  treated  of  in  the  preceding  paragraphs, 
are  single  compositions. 

But  there  exbt  granular  particles  of  composition,  which 
are  again  composed  of  granular  particles ;  and  these  only 
are  real  individuals.  They  join  into  those  masses,  which 
again  on  a  larger  scale  produce  a  granular  composition. 
Macrotypous  Lime-haloide  exhibits  examples  of  this  com- 
position. Sometimes  the  granular  particles  consist  of  co< 
lumnar  particles,  diverging  firom  the  centre,  orfi^om  one  of 
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the  corners  of  the  former.  Among  the  first  axe  several  va- 
rieties of  rhombohedral  Lime-baloide,  called  Oolite,  of  he- 
mi-prismatic  Augite>spar,  called  Actinolite,  &c. ;  among  the 
second  the  varieties  of  several  species  of  Kouphone-spar, 
of  Wood-tin,  a  variety  of  pyramidal  Tin-ore,  &c.  In 
other  cases,  the  granular  particles  of  composition  again  con- 
sist of  lameUar  particles,  as  in  prismatic  Hai-bazyte  and 
azotomous  Kouphone-spar. 

Columnar  particles  of  composition  sometimes  consist  again 
of  columnar  ones,  as  in  several  varieties  of  prismatic  Iron- 
ore.    The  preceding  observations  wiU  suffice  for  explain- 
ing many  occurrences  of  this  kind,  among  which  the  curved 
lameUar  particles  of  composition  are  the  most  remarkable. 
The  curvature  of  their  surface  corresponds  to  that  of  reni- 
form  or  globular  shapes,  so  that  the  quantity  of  its  deviation 
from  a  mathematical  plane  depends  upon  the  radius  of  cur- 
vature.   Commonly  they  consist  of  columnar,  sometimes  of 
lamellar  and  granular  particles.    They  occur  in  octahedral 
Fluor-haloide ;  in  prismatic  Iron-ore;   in  prismatic  Hal- 
bary te,  called  curved  lameUar  Heavy-spar ;  in  rhombohe- 
dral Quartz,  called  Calcedony ;  in  rhombohedral  Lime-ha- 
loide,  in  rhombohedral  Antimony,  &c. 

The  composition  is  very  often  still  more  complicated ; 
we  may  dispense,  however,  with  entering  into  a  greater 
detail,  ance  the  given  examples  are  perfectly  sufficient 
for  explaining  every  other  case. 

§.   190.    CHAEACTERISTIC  HARKS  OF  COMPOSITIOK. 

Imitative  shapes,  and  the  want  of  cleavage,  are 
the  chief  characters,  from  the  presence  of  .%  ich 
composition  may  be  inferred,  if  this  should  not  be 
observable  at  first  sight. 

An  individual  formed  under  such  circumstances  as  to 
be  beyond  the  reach  of  any  foreign  influence,  will  always 
assume  a  regular  form. 

If,  therefore,  we  meet  with  minerals  which  evidently 
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have  not  been  acted  upon  by  any  auch  circumstance,  and 
which  nevertheless  do  not  present  any  regular  form,  we 
may  infer  with  perfect  security  that  the  mineral  is  not  a 
simple  one,  but  that  it  is  a  compound  of  several  indivi- 
duals. This  proposition  is  demonstrated  on  one  nde  by 
all  crystals  which  are  simple,  on  the  otiier  by  all  the  imi- 
tative shapes  dependent  upon  the  nature  of  the  mineral 
itself  (§.  182.  183.),  which  are  compound. 

With  regard  to  the  accidental  imitative  shapes,  it  is  evi- 
dent, that  not  even  those  which  are  regular,  can  be  the  forms 
of  simple  minerals,  because  they  are  altogether  accidental, 
whereas  the  forms  of  simple  minerals  are  founded  in  the  na- 
ture of  the  individuals  themselves.  Hence,  the  imitative 
shapes,  of  whatever  kind  they  may  be,  are,  in  every  inatance, 
infidlible  characters  from  which  the  composition  of  the  mine- 
rals may  be  inferred.  But  we  could  suppose  that  a  com- 
pound mineral  might  consist  of  particles  in  a  perfectly 
parallel  position,  but  so  small,  that  on  account  of  their 
minuteness,  the  composition  can  no  longer  be  observed,  so 
that  the  directions  of  cleavage  of  the  single  particles  or 
supposed  individuals  in  one  of  tiiem  are  the  continuation 
of  those  in  the  other.  In  this  case,  the  whole  mass  will  be 
cleavable,  and  the  whole  will  therefore  be  a  single  indi- 
vidual, and  not  a  composition,  agreeably  to  the  deflnitions 
in  §.  176.  Hence  cleavable  minerals  are  simple ;  and  the 
want  of  cleavage  in  varieties  of  such  species  as  commonly 
allow  of  cleavage,  is  a  mark  of  their  composition;  because 
here  one  individual  assumes  a  situation  different  from  that 
of  another,  so  that  their  respective  faces  of  cleavage  can 
have  no  continuity  among  one  another.  From  the  same 
reason,  compact  Limestone,  compact  Fluor,  compact  Heavy- 
spar,  compact  Lead-glance,  are  not  cleavable,  although  the 
simple  varieties  of  the  same  species  may  be  cleaved  with 
the  greatest  facility. 

The  same  applies  to  the  pseudomorphoses. 

Among  the  other  characters  of  composition,  we  may 
mention,  that  compound  minerals,  in  which  the  composi- 
tion can  no  longer  be  observed,  are  most  intimately  con- 
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nected  in  all  their  properties  with  those  in  which  it  is  still 
visible,  and  that  commonly  they  possess  lower  degrees  of 
transparency  and  lustre,  than  simple  varieties  of  the  same 
species.  Examples  occur  in  hexahedral  liead-glance, 
rhombohed'.al  Lime-haloide,  rhonibohedral  Quartz,  &c. 

The  following  observations  will  furnish  characters  in 
most  cases  perfectly  sufficient  for  distinguishing  mixed  mi- 
nerals and  compound  minerals,  in  both  of  which  the  par- 
ticles disappear  on  account  of  their  minuteness. 

The  different  ingredients  of  the  mixture  are  sometimes 
found  separated  from  the  rest  in  more  or  less  pure  masses, 
by  w*hich  the  mixture  ceases  to  be  uniform.     If  we  find 
an  opportunity  for  observing  mixed  masses  of  this  kind  on 
a  larger  scale,  we  may  very  often  find  those  particles  en- 
tirely disengaged,  or  separated  from  each  other,  as  is  the 
case  with  rhombohedral  Iron-ore,  and  rhombohedral  Quartz, 
in  the  original  repositories  of  Iron-fiint,  which  is  an  inti- 
mate mixture  of  these  two  species.    Thus  we  infer  Basalt 
to  consist  of  several  species  of  the  genus  Feld-spar,  and 
bemi-prismatic  or  paratomous  Augite-spar,  because  Green- 
stone and  the  Syenitic  rocks  in  which  the  particles  of  mix- 
ture have  only  more  extension,  really  do  consist  of  indi- 
viduals of  the  above  mentioned  species,  and  differ  from 
Basalt  merely  by  their  coarser  grain. 

Moreover  the  mixed  minerals  partly  possess  the  properties 
of  the  one,  partly  also  those  of  the  other  of  the  simple  mi- 
nerals of  which  they  consist,  without  entirely  agreeing 
with  any  of  them,  as,  for  instance.  Iron-flint,  which  pos- 
sesses some  of  the  properties  of  rliombohedral  Quartz,  &c. 
or  they  assume  such  properties  as  never  occur  in  simple 
minerals,  as,  for  instance,  the  columnar  shapes  of  Basalt,  of 
Porphyry,  the  globular  concretions  of  Green-stone,  of  Sye- 
n'te,  &c.,  which  by  themselves  prove  those  minerals  to  be 
compound,  even  though  the  component  individuals  should 
no  longer  be  perceptible. 
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§.  191.    STRUCTURK  OF  COMPOUND  FUNERALS. 

That  kind  of  structure  which  has  been  consider- 
ed a\)ove  in  the  simple  minerals,  does  not  occur  in 
the  compound  ones.  If  we  break  them,  however, 
we  produce  what  has  t)een  called  their  Fracture  ; 
and  the  particles  of  the  mineral  separate  in  the 
Faces  of  Fracture. 

If  the  particles  are  still  distinguishable  as  individuala, 
they  must  be  considered  according  to  their  respective  regu- 
lar or  irregular  structure,  to  their  faces  of  composition,  and 
to  every  other  character  which  they  present  to  the  observer ; 
in  short,  they  must  be  considered  as  simple  minerals.  In 
the  present  place,  therefore,  only  those  compound  minerals 
shall  be  treated  of,  in  which,  on  account  of  their  minute- 
ness, the  individuab  are  no  longer  distinguishable.  In 
these  the  following  kinds  of  fracture  have  been  distin- 
guished. 

1,  The  Conchoidal  Fracture,  together  with  its  various 
modifications,  which  depend  upon  size,  perfection,  rela- 
tive depression  (§.  1 72.). 

2,  The  Uneven  Fracture^  which  has  been  subdivided  ac- 
cording to  the  size  of  the  asperities,  into  coarse-grained, 
small-grained,  and  fine-grained  uneven  fracture. 

3,  The  Even  Fracture^  which  arises  if  the  elevations  and 
depressions  upon  the  &oe  of  separation  nearly  approach  to 
evenness.  These  even,  parts  of  the  fracture  must  not  be 
confounded  with  faces  of  cleavage,  because  they  do  not 
keep  a  constant  direction,  and  are  only  observable  in  com- 
pound minerals.  This  variety  of  fracture  is  so  very  rare, 
that  it  is  difficult  to  quote  good  examples  of  it.  Sometimes 
it  occurs  in  compact  Lead-glance. 

4,  The  Splitiiery  Fracture,  which  is  produced  if  upon  the 
face  of  separation,  detached  scaly  particles  remain,  joined  to 
the  mass  by  their  thicker  end.  These  particles  are  render- 
ed visible  by  that  portion  of  light  which  passes  throufi^ 
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them,  and  the  splintery  fracture  therefore  does  not  occur 
in  perfectly  opaque  minerals.  It  may  occur  at  the  same 
time  with  the  conchoidal,  or  another  kind  of  fracture. 
This  has  heen  expressed  by  the  phrases :  conchoidal  in  the 
ffreat,  tpRntery  in  the  tmali^  8cc» 

6.  The  Hackly  Fracture,  which  has  been  sufficiently  ex- 
plained above  (§.  172.)* 

6.  The  Slaty  Fracture,  which  resembles  imperfect  fiu^s 
of  cleavage  (§.  163.),  and  partly  arises  fh)m  it.  It  is  met 
with  in' the  different  kinds  o£  Slate,  which,  for  the  f^reater 
part,  are  compound  minerals,  or  even  mixed,  although  they 
appear  to  be  simple.  The  slaty  fracture  keeps  a  cons^t 
direction,  and  is  in  this  respect  analogous  to  cleavage. 

7.  The  Earthy  Fracture,  which  is  the  same  as  the  uneven 
firacture,  except  that  it  occurs  in  decomposed  minerals. 

The  particles  into  which  compound  minerals  may  be 
broken,  are  termed  Fragments,  and  their  shape  is  irregular. 
According  to  the  quality  of  their  edges,  they  have  been  di- 
vided into  iharp-cdged  and  blunt-edged  iragments.  Slaty  firac- 
ture j^roduces  tabular  fragments ;  thin  columnar  composi- 
tion produces  splintery  fiagments. 

§.  19S.    COMPOSITION  IS  OF  LITTLE   VALUE    IN   NA- 
TURAL HISTORY. 

It  is  impossible  to  derive  characteristic  terms  for 
the  determination  of  the  natural-historical  species, 
from  the  occurrences  of  composition.  Hence  they 
are  of  use  in  the  Natural  History  of  the  Mineral 
Kingdom,  only  in  so  far  as  their  knowledge  is  ne- 
cessary for  ascertaining  the  existence  of  the  simple 
mineral  in  the  compound. 

Among  the  various  impediments  that  have  retarded  the 
progress  of  the  science,  and,  in  particular,  the  correct  de- 
termination of  the  natural-historical  species, -one  of  the  most 
conspicuous  was  the  occurrence  of  individuals  in  compound 
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Tarieties,  as  long  as  this  composition  had  not  been  exphiin- 
ed,  nor  the  indiyiduals  themselves  traced  in  it,  whose  di- 
minutive size  very  often  considerably  adds  to  the  difficulty. 
If  we  consider  the  varieties  of  rhombohedral  Iron-ore,  or 
of  many  other  species,  and  if  we  do  not  possess  an  exact 
knowledge  of  the  individual  in  the  mineral  kingdom,  that 
is  to  say,  if  we  do  not  sufficiently  distinguish  between 
fdmple  and  compound  minerals ;  we  find  some  of  them  so 
very  different,  that  it  would  seem  to  be  in  opposition  to  aU 
the  principles  of  Natural  History,  if  nevertheless  we  would 
unite  them  into  one  species,  since  they  differ  in  almost 
every  one  of  their  properties.  This  has  indeed  been  the 
reason  why  Specular  Iron-ore,  Red  Iron-ore,  and  many 
others,  have  really  been  considered  and  distinguished  as 
particular  species.  At  that  time  the  transitions  (§.  221.), 
which  might  have  led  to  the  knowledge  of  errors  commit- 
ted in  these  determinations,  had  also  not  yet  been  dis- 
tinctly developed ;  and  it  must  be  avowed  that  those  mi- 
neralogists  who  have  escaped  similar  errors,  owe  this 
to  inquiries  and  considerations  of  minerals,  very  different 
finom  such  as  are  carried  on  according  to  the  principles  of 
Natural  History. 

A  few  examples,  once  given  of  the  dismemberment  of  a 
natural-historical  species,  could  not  but  produce  many  si. 
milar  errors  in  subsequent  instances.  The  consequences 
of  this  mode  of  proceeding,  have  been  numberless  species, 
or  aggregates  erroneously  so  called,  being  connected  with 
each  other  by  transitions.  Incapable  of  being  character* 
ised,  or  distinguished  from  one  another,  they  have  only 
served  to  incumber  the  nomenclature,  and  to  degrade  the 
systems  into  mere  registera  of  words.  If  one  single  erro- 
neous idea  is  capable  of  producing  such  confusion,  we  must 
bestow  all  possible  attention  on  the  establishment  of  cor* 
rect  ideas,  in  a  science  in  which  they  are  or  might  be  so 
pure  and  simple,  as  in  the  Natural  History  of  the  Mineral 
Kingdom. 

Zoology  and  Botany  have  not  been  subject  to  similar  er- 
rors.   They  are  almost  impossible  in  the  first,  and  in  the 
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tttond  they  would  be  obyious  at  first  mght.  It  would  be 
an  error  of  this  kind,  if  a  person  should  consider  a  corn- 
field or  a  bank  of  trees  for  an  individual,  and  establish  ac- 
cordioglj  these  corn-fields  and  banks  of  trees  into  partacu- 
lar  species.  A  corn-field  or  a  bank  of  trees  is  exactly  the 
same  as  Bed  Hematite  (the  fibrous  Red  IroQ<-ore^  a  com^ 
pound  variety  of  rhombohednd  Iron-ore),  if  compax^dwith 
real  individuals  of  their  respective  species. 

From  the  preceding  observations  we  may  infer,  that 
firom  the  composition  of  minerals,  the  Natural  History  of 
the  Mineral  Kingdom  cannot  derive  any  chaiacteristic  pro- 
perties for  the  determination  of  the  species.  This  would 
be  an  error  sufficiently  powerful  to  shake  it  to  the  very 
foundations,  and  to" degrade  it  firom  the  rank  it  assumes  in 
the  sciences  as  a  part  of  Natural  History. 


SECTION  III. 

THE    NATURAL-HISTORICAL    PROPERTIES,    COMMON 
TO  BOTH,  SIMPLE  AND  COMPOUND  MINERALS. 

§.  193.  DivrsioN. 

Those  natural-historical  properties,  which  are 
common  to  both,  the  simple  and  the  compound  mi- 
nerals, may  be  divided  into  the  Optical  Properties j 
and  into  the  Physical  Properties  of  minerals,  or  such 
as  refer  more  particularly  to  their  Mass  or  Substance, 


CHAPTER  I. 

OF  THE  OPTICAL  PROPERTIES  OF  MINERALS. 
§.  194j.    EXPLANATION. 

Optical  properties  are  such  as  depend  upon  light, 
and  are  not  observable  except  in  its  presence. 

The  consideration  of  the  natural-historical  properties  in 
general,  presupposes  the  presence  of  light.  Yet  all  of  them 
do  not  depend  upon  its  presence.  This  is  the  case,  however, 
with  the  properties  to  be  considered  in  this  chapter.  We 
cannot  maintain  that  a  mineral  possesses  in  the  dark  that 
same  colour,  lustre,  or  transparency,  which  it  exhibits 
when  observed  under  the  influence  of  light.  This  charac- 
ter, therefore^  is  sufficient  for  distinguishing  the  optical 
properties  from  all  other  properties  of  the  minerals. 
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§.  195.    LUSTRE,  COLOUR,  TRANSPAKISNCT. 

The   phenomena  observable  in  minerals,   with 
respect  to  reflected  and  transmitted  light,  are  com- 
prehended under  the  heads  of  Lustre,  Colour,  and 
transparency. 

These  subjects  are  treated  of  in  Natural  History,  only 
in  so  £ir  as  thej  allow  some  application  to  its  own  peculiar 
purposes,  of  discriminating  and  describing  minerals.  Their 
explanation  belongs  to  Natural  Fhilosoph/. 

In  order  to  employ  lustre,  colour,  and  transparency, 
agreeably  to  the  purposes  of  the  Natural  History  of  the 
Mineral  Kingdom,  it  is  necessary  to  determine  and  to  pro- 
vide with  certain  denominations,  those  differences  which 
may  be  distinguished  in  these  properties,  in  respect  to  both, 
their  kind  and  their  degrees  of  intensity.  This  will  require 
us  to  fix  a  certain  impression  upon  our  mind,  and  always  to 
designate  this  impression  with  the  same  name,  or  to  recal  it 
to  our  memory,  whenever  we  read  this  name,  or  hear  it  ut- 
tered. It  is  necessary  therefore  to  have  experienced  these 
impressions  upon  our  own  mind,  and  explanations  or  de- 
scriptions cannot  be  successfully  substituted  in  their  place. 

An  acquaintance  with  the  colours  occurring  in  the  Mi- 
neral Kingdom,  with  the  different  kinds  of  lustre,  &c.,  nay 
be  acquired  from  the  consideration  of  bodies,  which  are  not 
minerals.  It  may  indeed  be  effected  in  more  than  one 
way ;  but  it  seems  to  answer  the  purpose  best,  if  we  em- 
ploy these  bodies  themselves,  this  being  not  only  a  more 
sure,  but  also  an  easier  way  of  fulfilling  our  intention. 
To  those  who  do  not  intend  to  go  any  fiui^her  than  to  become 
capable  of  making  use  of  the  Characteristic  for  discriminat- 
ing varieties  occurring  la  nature,  a  very  small  number  of 
specimens  will  suffice,  the  choice  of  wldch  is  not  attended 
with  any  difficulties. 

The  relative  value  we  have  to  attach  to  the  employment 
of  these  properties,  depends  upon  their  generality  and  con- 
stancy,  and  consequently  upon  the  possibility  of  their 
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application.  The  properties  most  important,  in  Deter. 
minative  Mineralogy  (§•  li*)  Are  tlie  different  kinds  of 
lustre,  the  metallic  colours,  and  particularly  the  phe* 
nomeni^  of  simple  and  double  refiraction,  as  observed  in 
common  and  polarised  light.  As  yet  we  cannot  dispense 
in  the  characters  with  the  first  and  the  second,  although 
they  are  of  comparatively  less  value.  The  third  are 
of  great  consequence :  in  many  cases  they  are  sufficient 
for  determining  the  system  of  crystallisation,  in  such 
varieties  as  do  not  present  anj  regular  form,  or  any 
traces  of  cleavage;  they  very  often  yield  neat  and  de^ 
cisive  characters,  where  the  minerals  are  much  resem. 
bling  each  other  in  the  rest  of  their  properties,  and 
they  are  most  useful  in  ascertaining  whether  a  mineral  is 
simple  or  compound.  For  the  Descriptive  Mineralogy 
(§.  11.)  all  the  optical  properties  of  the  minerals  are  of 
equal  consequence,  and  at  the  same  time  not  inferior  to 
any  other  properties.  These  descriptions  have  not  the  pur- 
pose of  distinguishing  objects,  but  that  of  producing  an 
image  of  them ;  and  to  this  the  colours  confer  no  less  than 
the  ferms,  the  knowledge  of  lustre  and  transparency  no 
less  than  the  degrees  of  hardness  or  of  specific  gravity; 

The  optical  properties  must  therefore  by  no  means  be  ne« 
glected,  although  many  of  them  are  of  less  influence  than 
those  deriving  from  the  forms  to  the  scientific  progress  of 
Mineralogy.  Very  often  by  their  assistance  we  may  dis- 
l)ense  wiUi  the  use  of  the  Characteristic,  because  they  are 
very  well  calculated  for  recalling  to  our  mind  such  va- 
rieties of  the  same  species  as  we  have  already  determin- 
ed. They  are  obvious  at  first  sight,  and  therefore  easily 
observed  and  determined  under  whatever  circumstances 
they  may  be  found,  they  are  in  particular  recommended  to 
those  who  wish  to  acquire  an  extensive  general  knowledge 
of  the  productions  of  the  mineral  kingdom. 

§.  196.    KIND  AND  INTEKSITV  OF  LUSTAE. 

The  lustre  of  minerals  is  considered  in  respect 
to  its  Kind,  and  in  respect  to  its  Intensity. 
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The  kinds  of  lustre  are  t 
\y  MetalHc  lustre^ 

2,  AdamanHne  luttre^ 

3,  Rennous  lustre^ 

4,  Vttreout  lustrcy 

5,  Pearly  Itutre* 

Metallic  lustre  is  subdivided  into  pcffecU  and  imper- 
fset  metallic  lustre.  The  first  occurs  in  all  the  species 
of  the  orders  Metal,  Pyrites,  and  Glance,  and  in  some  of 
those  of  the  order  Ore.  The  same  lustre  occurs  in  wrought 
metals  and  metallic  alloys,  as  silver,  brass,  copper,  &c. 
The  second  is  found  in  several  ores,  as  Tantalum-ore, 
Uranium^re,  &c 

Adamanl^'n/e  lustre  is  subdivided  into  meteJXic  adamantine 
lustre,  and  oommum  adamantine  lustre.  Examples  of  the 
first  may  be  seen  in  the  dark-coloured  varieties  of  several 
species  of  the  order  Blende,  and  in  some,  particularly  the 
grey  varieties  of  di-prismatic  Lead-baryte ;  the  common 
adamantine  lustre  is  peculiar  to  octahedral  Diamond,  to  the 
pale-coloured  varieties  of  Ruby-blende  and  Gamet-blende^ 
and  to  some  varieties  of  di-prismatic  Lead-baiy  te. 

Betinom  lustre  is  that  which  a  body  presents,  if  besmeared 
with  oil  or  &t.  It  occurs  in  dodecahedral  Garnet,  still  more 
distinctly  in  pyramidal  Garnet ;  also  in  the  varieties  of 
empyrodox  Quartz,  called  Fitchstone. 

Vitreout  lustre  is  that  of  common  glass,  and  may  be  ob- 
served in  rhombohedral  Quartz,  rhombohedral  Emerald, 
prismatic  Chrysolite,  and  in  several  other  species  of  the 
order  Gem. 

Pearly  lustre  is  divided  into  common^  and  metaUu:  pearly 
lustre.  The  first  occurs  in  prismatoidal  and  hemi-piis- 
matic  Kouphone-spar,  in  prismatic  Disthene-spar,  in  rhom- 
bohedral Talc-mica,  and  in  other  species  of  the  order 
Mica  ;  the  second  is  found  in  several  species  of  Schiller- 
spar,  and  in  several  varieties  of  rhombohedral  Talc-mica. 

As  to  the  intensity  of  lustre,  we  have  to  distinguish  the 
Collowing  degrees : 
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1,  SjiUndenlf 

3,  GU$Ui^^ 

4,  G&mmering^ 
6,  DuXL 

SpkndetU  fiures,  or  those  which  possess  the  highest  degree 
of  lustre  m  the  whole  mineral  kingdom,  produce  distinct 
and  well  defined  images  of  the  objects,  provided  they  pos- 
sess the  required  extension  and  evenness.  Such  fiices  are 
contained  in  many  varieties  of  dodecahedral  Garnet-blende, 
of  rhombohedral  Iron-ore,  of  rhombohednd  Quartz,  and 
other  species. 

Shining  is  a  less  degree  of  lustre ;  it  is  still  lively,  but 
does  not  produce  a  distinct  image.  This  d^^ree  is  very 
common  in  several  species  of  the  orders  Spar,  Haloide, 
Baryte,  &c« 

GHntening  reflects  light  still  more  disorderly;  but  al- 
though it  does  not  any  longer  produce  an  image,  yet  it 
reflects  it  in  pretty  well  defined  patches.  This  d^pnee  of 
lustre  is  found  in  most  of  those  compound  minerals,  in 
which  the  particles  of  composition  are  still  observable,  or 
at  least  in  which  they  have  not  yet  entirely  disappeared. 
£xamplcs  are  pyramidal  Copper-pyrites,  tetrahedral  Cop- 
per-glance, &c. 

Glimmeriug  does  not  reflect  defined  patches'of  Ugfat,  but 
a  mass  of  undefined  light  seems  spread  over  the  glimmer- 
ing surface.  This  degree  of  lustre  is  peculiar  to  the  very 
thin  columnar  comjx>sition  (commonly  called  fibrous  frac- 
ture), and  to  several  other  compound  minerals,  in  which 
the  composition  disappears,  as  in  the  varieties  of  rhombo- 
hedral Quartz,  called  flint,  calcedony,  homstone,  in  com- 
pact hexahedral  Lead-glance,  and  other  minerals.  Com- 
monly thb  degree  is  a  sign  of  a  compound  mineral,  the 
individuals  of  which  are  so  veiy  small,  as  nearly  to  disap- 
pear. It  is  produced  by  the  reflection  of  light  from  cveiy 
one  of  the  impalpable  component  particles. 

DuU  possesses  no  lustre  at  alL  This  perfect  alisence 
of  lustre  is  almost  entirely  confined  to  decomposed  mine- 


§.  197.    OPTICAL  PROPEETIES  OF  MINE11AL3.      S81 

ralfl,  as  Porcelain-earth,  which  is  a  decomposed  Feld-spar, 
and  to  some  compound  minerals,  as  Chalk,  where  it  de- 
pends upon  some  particular  circumstances  in  the  formation. 

§.  197.    SERIES  IN  THE  DIFFEBEKCES  OF  LUSTRE. 

The  gradations  in  the  kinds  and  in  the  degrees 
of  lustre  in  the  varieties  of  one  and  the  same  natu- 
ral-historical species,  produce  continuous  series. 

In  general,  neitlier  the  kinds  nor  the  degrees  of  lustre 
admit  of  rigorous  limits.  It  is  necessary  to  determine 
them  in  some  particularly  distinct  examples,  and  to  com- 
ytLte  with  them  such  as  are  less  distinct. 

If  there  occur  several  kinds  or  degrees  of  lustre  in  the 
varieties  of  a  species,  these  will  he  in  an  uninterrupted 
connexion,  and  they  will  pass  insensibly  into  one  another^ 
so  that  in  no  place  we  are  capable  of  observing  any  inter- 
ruption or  want  of  continuity. 

From  the  succession  in  t^ese  gradations,  the  above  men- 
tioned series  arise.  Rhombohedral  Ruby-blende  presents  a 
^riking  example  of  a  similar  series.  In  some  of  its  varieties 
•the  lustre  is  nearly  metallic,  in  others  decidedly  adamanr 
tine.  Between  these  there  are  a  great  number  of  grada- 
tions of  metallic  adamantine  lustre,  by  which  the  two 
kinds  of  lustre  are  so  closely  connected,  that  it  is  impos- 
sible to  say  where  the  one  begins,  and  where  the  other  ter- 
minates. 

The  series  in  the  gradations  of  lustre  aUow  of  the  sam^ 
application  as  the  series  in  the  varieties  of  colour  mention- 
ed in  g.  202.  The  results  of  crystallography  in  respect  to 
simple  forms,  are  exactly  confirmed  by  the  occurrences  of 
lustre  in  single  individuals,  as  to  the  existence  of  forms, 
which,  although  they  appear  with  a  number  of  &ce8,  not 
Qufficient  to  limit  the  space  from  all  sides,  yet  must  be 
considered  as  simple  forms  (§.  168.).  For  if  we  abstract 
from  what  is  merely  accidental,  homologous  faces  entirely 
jigree  as  to  the  kind  and  to  the  degrees  of  intensity  of 
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their  lustre ;  and,  vice  verM,  such  faces  which  do  not  agree 
with  each  other  in  the  same  respects,  are  not  homologous, 
or  they  do  not  belong  to  one  and  the  same  simple  form. 
This  is  equally  applicable  to  faces  of  crystallisation,  and 
to  &ce8  of  cleavage,  as  is  shewn  by  numerous  examples  in 
prismatddal  Gypsum-haloide,  in  several  species  of  the 
order  Mica,  in  several  species  of  the  genus  Kouphone-spar, 
&C.  Pearly  lustre  is  the  most  remarkable  among  the  dif- 
ferent kinds,  since,  in  a  high  state  of  perfection,  it  appears 
in  simple  minerals  only  upon  single  &cea  of  crystallisation, 
as  well  as  of  cleavage.  Such  ftces,  therefore,  are  parallel 
either  to  the  axis,  or  to  the  base  of  the  fundamental  form 
of  the  species.  A  single  &ce  which  possesses  a  distinct 
pearly  lustre,  if  it  is  a  face  of  cleavage,  is  also  termed 
Eminent.  The  pearly  lustre  of  compound  minerals  very 
often  is  a  consequence  of  this  composition. 

§.  198«  COLOUR,  PBOPEBLT  SO  CALLED,  AND  STREAK. 

We  have  to  distinguish  between  the  colour  of 
the  entire  mineral  and  that  of  its  powder.  The 
first  is  the  Colour  of  the  mineral,  properly  so  call* 
ed,  while  the  second  has  been  designated  by  the 
name  of  the  Streak. 

§.  199.    DIVISION  OF  COLOURS. 

The  colours  Have  been  divided  into  metallic  and 
into  non-metallic  colours. 

This  division  is  not  rigorously  correct,  because  the  dif- 
ference does  not  so  much  lie  in  the  colours  themselves,  as 
in  the  kinds  of  lustre  joined  to  them.  It  is,  however,  very 
useful,  since  it  separates  what  is  as  yet  indispensable,  from 
what  is  merely  useful  in  the  process  of  discriminating  mi- 
nerals. 

For  the  sake  of  a  better  distinction  of  the  colours,  eight 
principal  colours  have  been  assumed  by  tiie  celebrated 


§.  200.    OPTICAL  PROPERTIES  OF  MINERALS.      283 

Wesver,  to  whose  labours  this  part  of  Terminology  is 
particularly  indebted.  These  colours  are,  WhUe^  Grcy^ 
Blacky  BluCy  Grecn^  Yettowy  Red^  and  Brown.  Each  of  them 
comprehends  several  varieties,  of  which  again  the  one  con- 
sidered the  purest,  is  called  the  characteristic  colour.  The 
names  or  denomination  of  the  varieties  are  either  derived 
&om  such  bodies  in  which  thej  are  found  often  or  by  pre- 
ference, or  they  are  formed  by  composition.  Examples  of 
the  first  are,  roie-red^  apple-green^  gold-yellow  ;  of  the  latter, 
rcddishJnvwUy  yellowith-browHy  greyish-white^  Sue 

The  Wernerian  method  in  the  determination  of  colours 
is  as  generally  introduced  and  received  as  it  deserves.  It 
is  not  advisable  to  change  or  alter  any  thing  without  the 
most  urgent  necessity,  even  though,  from  other  reasons, 
these  alterations  should  be  improvements ;  since  there  is 
nothing  required,  but  to  recal  a  certain  impression  upon 
our  mind :  and  the  best  plan  therefore  will  be  to  keep  to 
such  expressions  to  which  we  have  been  accustomed. 

§.  200.    METALLIC  COLOURS. 

The  metallic  colours  are:  1.  Copper-red;  2. 
Bronze-yellow ;  3.  Brass-yellow^  and  4.  GM-yel- 
low;  5.  Silver-white y  and  6.  Tin- white  ;  7.  Lead^ 
greyy  and  8.  SteeUgrey,  and  9.  Iron- black. 

1.  Copper-rcdy  the  colour  of  metallic  copper.  Exampkw^ 
Octahedral  Copper ;  less  dbtinct  prismatic  Nickel-pyrites. 

2.  Bronze-yeUowy  the  colour  of  several  metallic  alloys 
called  Bronze  and  Speucy  in  particular  the  alloy  of  copper 
and  tin.  Very  distinct  in  hexahedral  and  prismatic  Iron- 
pyrites. 

3.  Brau-yellow^  the  colour  of  brass.  Ex,  Pyramidal  Cop- 
per-pyrites.    This  colour  is  never  found  in  hexahedral  Gold. 

4.  GcHd-yeUowy  the  colour  of  pure  gold.  Distinct,  but 
exclusively  in  hexahedral  Gold.  The  gold-yellow  colour 
sometimes  becomes  pale,  and  then  approaches  to  silver^ 
white. 
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6.  Sther-tehite^  the  colour  of  pure  silver.  Distinct  in 
hexahedral  Silver  ;  less  distinct  in  prismatic  Arsenical-pj- 
rites ;  inclining  to  red  in  hexahedral  Cobalt-pyrites. 

6.  Tin-white^  the  colour  of  pure  tin,  particukrlj  not 
mixed  with  lead.  Ex.  Fluid  Mercury;  rhombohedral 
Antimony,  and  also  native  Arsenic,  in  this,  however,  inclin- 
ing a  little  to  lead-grej. 

7.  Lead-grey^  the  colour  of  metallic  lead.  Of  this  colour 
three  different  shades  have  been  distinguished. 

a,  FD^I/tjAlead-grej;  b, ^r^ lead-grej ;  andc,  blacki^ 
lead-grejr.  Whitish  lead-grey  is  found  in  the  compact 
varieties  of  hexahedral  Lead-glance  ;  pure  lead-grey  in 
the  common  varieties  of  the  same  species,  which  consist 
of  larger  individuals  than  the  former,  also  in  rhombohe- 
dral Molybdena-glance,  &c ;  blackish  lead-grey  in  hexa- 
hedral Silver-gbuice,  in  prismatic  Copper-glance,  &c. 
&  Steel-ffrey^   nearly  the   colour  of  fine   grained  steel 

upon  a  recent  fracture.     Ex,  Native  Platina  and  prismatic 

Antimony-glance. 
9.  Iron  blacky  nearly  the  colour  of  highly  carboniferous 

cast  iron.    Ex,  Octahedral  Iron-ore ;  less  distinct  rhpmbo- 

hedral  Iron.ore,  and  tetrahedral  Copper-glance. 

§.201.    KON-METALLIC  COLOURS. 

The  non-metallic  colours  are  considered  in  the 
consecutive  order  of  the  principal  kinds  (§.  199.), 
which  represent  the  general  scries  of  colours. 

Tl)e  following  are  the  non-metallic  coloura : 

A.  White. 

1.  Sium'tekite.  The  purest  white  colour.  Nearly  the 
colour  of  newly  fidlen  snow.  Ex.  Khombohedral  Ume- 
haloide  (Carrara  marble),  prismatic  Lime4ialoide  (Flosferri). 

2.  EtddUh-whUe,  White  (though  not  always  of  the  purest 
tint)  inclining  somewhat  to  red.  Ex.  Several  varieties  of 
riiombohedral  and  macrotypous  Lime^haloide,  of  rhombo- 
hedral Quartz,  &c. 
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3.  VeOowUh^whUe.  White  (though  not  always  of  the 
purest)  inclining  to  yellow.  Ex.  Several  varieties  of  rhom- 
bohedral  Ijime-haloide  and  of  uncleavable  Quartz. 

4.  GreyUh-vhite.  White,  inclining  to  grey.  Common 
in  rhombohedral  Lime-haloide,  particularly  in  the  com- 
pound varieties  called  granular  Liimestone,  and  in  rhombo- 
hedral Quartz,  particularly  in  Common  Quartz. 

d.  Greenitfuwhiu,  Whit«,  somewhat  inclining  to  green. 
Veiy  distinct  in  several  varieties  of  hemi-prismatic  Augite- 
^MT,  particularly  in  Amiantus,  and  ia  the  varieties  of  pris- 
matic Talc-mica,  called  Common  Talc 

6.  MUk'whUe,  White  somewhat  inclining  to  blue,  the 
colour  of  skimmed  milk.  Ex.  Several  varieties  of  uncleav- 
able  Quartz,  called  Common  OpaL 

B.  Grey, 

1.  Blueiah'grey.  Grey  indining  to  a  dirty  blue  colour. 
Seldom  distinct.  Sometimes  in  the  varieties  of  rhombohe- 
dral Quartz,  called  splintery  Homstone,  and  in  several 
compound  varieties  of  rhombohedral  Lime-haloide. 

2.  PearUgrey.  Grey,  mixed  with  red  and  blue.  In  the 
pearls  this  colour  is  veiy  pale.  Sometimes  it  is  very  dis- 
tinct in  hexahedral  PearUkerate ;  less  distinct  in  several 
varieties  of  rhombohedral  Quartz,  and  of  prismatic  Hal- 
baryte. 

3.  Smoke-grey.  Grey  mixed  with  brown ;  the  colour  of 
thick  smoke.  This  colour  occurs  particularly  in  the  dark 
varieties  of  Flint,  which  belong  to  the  species  of  rhombo- 
hedral Quartz. 

4.  GreenisTi-grey.  Grey  mixed  with  green.  Ex.  Seve- 
ral varieties  of  rhombohedral  Quartz,  particularly  Cats-eye ; 
several  varieties  of  rhombohedral  Talc-mica,  &c. 

5.  YelUneuh'grey.  Grey  mixed  with  yellow.  This  co- 
lour is  not  uncommon  in  several  compound  varieties  of 
rhombohedral  Lime-haloide  (compact  Limestone)  and  of 
rhombohedral  Quartz  (Flint). 

6.  Atft-grey.  The  purest  grey  colour,  a  mixture  of 
white  and  black.     It  is  seldom  distinct.    Ex.  Prismatoidal 
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Augite-spsr,  called  Zoisite,  and  trapezoidal  Kouphone- 
spar. 

C  Black. 

1.  Greyuh-hlatk.  Black  mixed  with  grey  (without  anj 
green,  brown,  or  blue  tints).  Ex.  Basalt ;  I/jdian-stoiie, 
which  is  an  impure  variety  of  rhombohedral  Quartz ;  An- 
thrakolite,  an  impure  variety  of  rhombohedral  lime-haloide. 

2.  Velvet'hlack.  The  purest  black  colour.  It  is  the  co- 
lour of  black  velvet.  Ex.  £mpyrodox  Quartz,  called  Ob- 
sidian ;  rhombohedral  Tourmaline,  called  SdioiL 

3.  GreaM^Jbiaek.  Black  mixed  with  green.  A  veiy 
common  colour  in  several  species  of  the  genus  Aug^te-spar. 

4.  BnywmihJjiack.  Black  mixed  with  brown.  Ex.  Se- 
veral varieties  of  rhombohedral  Talc-mica;  bituminous 
Mineral-coaL 

6.  Bhiei$hMaek.  ^lack  mixed  with  blue.  It  is  a  rare 
colour,  and  scarce  ever  found  except  in  the  botiyoidal  and 
reniforra  varieties  of  Black  Cobalt  fh>m  Saalfeld  in  Thu- 
ringen. 

D.  Blue. 

1.  Blackish  Jdue.  Blue  mixed  with  black.  Ex.  The  dark 
coloured  varieties  of  prismatic  Azure-makdiite. 

2.  AzureJdue.  A  very  bright  blue  colour,  mixed  with  a 
little  red.  Ex,  The  pale  varieties  of  prismatic  Azure-ma- 
la':hite,  and  the  bright  varieties  of  Lapis  lazulL 

3.  VioktJblue,  Blue  mixed  with  red.  Ex.  Rhombohe- 
dral Quartz  (Amethyste),  and  octahedral  Fluor-haloide. 

4.  LavendcrMue*  Blue  with  a  little  red,  and  a  great  deal 
of  grey.  Ex.  lithomarge,  and  some  varieties  of  Porcelain 
Jasper. 

6.  PlumJdue.  A  colour  inclining  somewhat  to  brown, 
and  very  difficult  to  describe.  It  is  something  like  the  co- 
lour of  certain  varieties  of  plums.  It  is  very  rare,  and  oc- 
curs only  in  a  few  varieties  of  dodecahedral  Corundum,  and 
of  octahedral  Fluor-haloide. 

6.  PrusikHt-blvey  or  Berlin*blue.    The  purest  blue  colour. 
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Ex»  Bhombohednil  Corundum  (the  bright  coloured  varieties 
'  of  Sapphire) ;  prismatic  Disthene-spar ;   and  hexahedial 
Rock-salt. 

7*  SmaHMue,  The  colour  of  a  pale  coloured  sort  of 
smalt,  called  EttkeU  Ex*  Several  varieties  of  prismatoidal 
Gypsum^ialoide. 

8.  Indigo-bUie,  Blue  mixed  with  black  and  green.  The 
colour  of  several  coarser  sorts  of  indigo.  Ex,  Prismatic 
Iron-mica,  particularly  the  decomposed  or  imperfectlj  form- 
ed varieties  called  Blue  Iron-earth. 

9.  Duck-bbte.  Blue,  with  a  great  deal  of  green,  and  a 
little  black.  Ex.  Several  varieties  of  dodecahedral  Corun- 
dum, called  CeyUmite  ;  also  several  varieties  of  prismatic 
Talc-mica,  under  the  denomination  of  common  Talc 

10.  Sky4tiue.  A  pale  blue  colour,  with  a  little  green. 
It  is  called  Mountain  blue  by  painters ;  it  is  the  colour  of 
the  clear  skj.  Ex,  Prismatic  Lirocone-malachlte,  some- 
times also  octahedral  Fluor-haloide. 

1.  Verdigrit'green.  A  green  colour,  very  much  inclining 
to  blue.  It  is  the  colour  of  verdigris  (Acetite  of  Copper). 
Ex,  Amazon-stone,  which  is  a  variety  of  prismatic  Feld- 
spar, and  prismatic  Lirocone-malachite. 

2.  Cdandine^reen,  A  green  colour,  mixed  with  blue 
and  grey.  Ex,  Prismatic  Talc-mica,  called  Green-earth ; 
several  varieties  of  rhombohedral  Emerald. 

3.  Maunttttn-green,  Green,  with  a  great  proportion  of 
blue.  Ex,  Rhombohedral  £merald ;  prismatic  Topaz,  the 
oriental  Aqutt^nutHne, 

4.  Leek-green,  Green,  with  a  little  brown  ;  tiie  colour 
of  the  leaves  of  garlick.  Very  distinct  in  rhombohedral 
Quartz,  called  Prasem. 

6,  Emerald-green,  The  purest  green  colour.  Very  dis- 
tinct in  rhombohedral  Emerald ;  less  characteristic  in  some 
varieties  of  hemi-prismatic  Habroneme-malachite. 

6,  Apple-green,  A  light  green  colour,  with  a  trace  of  yellow. 
Very  distinct  in  rhombohedral  Quartz,  called  Chrysoprase. 
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7.  Gra»t^greetu  Green,  mixed  with  a  little  m<»e  of  yel- 
low ;  the  fresh  colour  of  grass.  Very  distinct  in  Gieen 
Diallage,  and  other  varieties  of  paratomous  and  hemi-pris- 
matic  Augite-spar ;  sometimes  in  pyramidal  Eucfalore-mica 
and  in  hemi-prismatic  Hahroneme-maUu^hite. 

8.  Pistadiio-g^eeiu  Greyly  with  yellow  and  a  little  brown. 
Ex.  Prismatic  Chrysolite ;  sometimes  prismatoidal  Augite- 
spar. 

9.  Atparagui'green.    Pale  green,  with  a  great  proportion 
'  of  yellow.    Ex.   Prismatic  Corundum  and  the  yarieties 

of  rhombohedral  Fluor-haloide  from  Spain  and  Salxburg, 
called  Asparagus^stone. 

10.  BlackUh^greetu  Green,  with  black.  Ex.  Paratomous 
Augite-spar ;  sometimes  also  Serpentine. 

11.  Olive-green,  Pale  green,  with  a  great  deal  of  brown 
and  yellow.  Ex.  Prismatic  Chrysolite,  the  varieties  called 
Olivine ;  several  varieties  of  dodecahedral  Garnet ;  hexa* 
hedral  lirocone-malachite,  and  Pitchstone,  a  variety  of 
empyrodox  Quartz. 

12.  OU-green.  A  green  colour,  still  lighter,  with  more 
of  yellow,  and  less  of  brown.  The  colour  of  olive  oiL 
Ex.  Dodecahedral  Garnet-blende ;  rhombohedral  Emerald ; 
empyrodox  Quarts,  called  Pitchstone. 

13.  Sukin-green.  ^  A  light  green  colour,  very  much  in- 
clining to  yellow.  Very  distinct  in  pyramidal  Euchlore- 
mica ;  also  in  some  varieties  of  rhombohedral  Lead- 
baryte. 

F.  Yeliow. 

1.  Sulphur-ydkrw.  'The  colour  of  pure  sulphur.  Ex. 
Prismatic  Sulphur. 

2.  Strawjyellaw.  A  rare  colour;  light  yellow,  with  a 
little  grey.  Nearly  the  colour  of  straw.  Ex.  Some  varieties 
of  prismatic  Topaz,  caUed  Pycnite. 

3.  Wax-yeliow.  Yellow,  with  grey  and  a  little  brown. 
The  colour  of  pure  yellow  wax.  Ex.  Pyramidal  Lead- 
baryte;  several  varieties  of  uncleavable  Quartz^  called 
common  Opal. 
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4*  H<mey*yeUim»  YeUow,  with  a  little  led  and  brown ; 
the  dark  colour  of  honej.  Ex.  Bhombohednd  lime- 
haloide ;  octahedral  Fluor-hakude ;  pyramidal  Melidifone- 
reain. 

6.  LemotupeUow,  The  pnzeat  yellow  colour.  Sx,  Pris- 
matoidal  Sulphur,  and  the  decomposed  vaiietlea  of  unclear* 
able  Unmium«ore,  called  Urane-ochre. 

0.  Ochre^^yetUfw,  Yellow,  with  brown.  Ex,  The  varieties 
of  rfaombohedral  Quarts  and  of  uncleavable  Quarts,  if 
mixed  with  oxide  of  iron,  from  which  this  colour  is  deriyed. 

7*  Whte-ydhw.  A  pale  yellow  colour,  with  a  little  red 
and  grey.  The  colour  of  several  sorts  of  white  wine. 
Ex.  Prismatic  Topas  from  Saxony  and  firom  Ana  Minor ; 
octahedral  Fluor-haloide. 

8.  Cream^f/eOow.  A  pale  yellow  colour,  with  a  little  red 
and  very  little  brown.  Bare.  Sometimes  in  Lithomarge, 
and  Bolus  from  Strigau  in  Silesia. 

9.  Orange^ydUrm,  YeQow,  very  much  inclining  to  red. 
The  colour  of  ripe  oranges.  Ex.  Several  varieties  of  pyra- 
midal Lead-baxyte  from  Hungaiy  and  Carinthia. 

G.  Red. 

1.  Aurora-red.  Bed  with  a  great  deal  of  yellow.  Very 
distinct  in  several  varieties  of  hemi-prismatic  Sulphur. 

2.  Hyacinth-red.  Bed  with  yellow  and  a  little  brown. 
Ex.  Pyramidal  Zircon,  called  Hyacinth  ;  dodecahedral 
Garnet 

3.  Brick-red,  Bed  with  yellow,  brown,  and  grey.  The 
colour  of  newly  baked  bricks.  Ex.  Hemi-prismatic  and 
prismatoidaL  Kouphone-spar ;  also  Porcelain-jasper,  and 
other  varieties  of  burnt  clay. 

4.  Scarkt^red.  The  brightest  red  colour,  but  not  with- 
out  a  tint  of  yellow.  It  is  the  colour  of  Cinnabar,  or 
of  the  streak  of-peritomous  Buby-blende. 

5.  Blood-red.  Bed  with  a  little  of  yellow  and  black.  The 
colour  of  blood.     Ex.  Dodecahednd  Garnet,  called  Pyrope. 

6.  Fkth^ed.  A  pale  red  colour,  with  grey  and  a  little 
yellow.     Ex.  Prismatic  Hal-baryte. 

vol..  I.  T 
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7.  Carndne-red.  The  purest  retl  colour,  that  of  ctrmine. 
Rare.  £jr.  Dodecahedral  Corundum.  This  colour  occurs  less 
distinct  in  the  capilUry  varieties  of  octahedral  Copper-ore. 

8.  CochineaUred,  Red  with  a  little  blue  and  grey.  Ea, 
Rhombohedxal  Ruby-blende  ;  dodedkhedral  Garnet. 

9.  Rote^red,  A  pale  red  colour,  mixed  with  white  and  a 
little  grey,  the  colour  of  the  flowers  of  n>m  cenHfiRa,  Ex, 
Rhombohedral  Quartz,  called  Rose-quartz,  nuuniotypous 
PaFachroae-baiyte. 

10.  CHmtOH'Ted,  Red  with  a  little  blue,  a  particularly 
fine  colour.  Ex.  Rhombohedral  Corundum  (the  bright  co- 
loured ▼arieties  of  Ruby) ;  prismatic  Cobalt-mica. 

1 1.  Peathikii0990m^rti*  Red  with  white  and  more  of  grey 
than  rose-red.  The  colour  of  peachblowom.  Ex,  Prismatic 
Cobalt-mica ;  also  Lepidolite. 

13.  Cokimbnte'red,  Red  with  a  little  blue,  and  a  great 
deal  of  black.    Distinct  in  dodecahedrai  Garnet. 

13.  Cherry-red,  A  dark  red  colour,  mixed  with  a  great 
deal  ofblue,  and  a  little  brown  and  black.  Ex.  Prismatic 
Pttrple4ilende. 

14.  Bfinmuh-red^  Red  with  a  great  deal  of  brown.  The 
colour  of  reddle,  a  well  known  substance  for  drawing.  Ex. 
Iron41int,  a  mixture  of  rhombohedral  Quartz  an<I  oxide 
of  iron.  This  colour  occurs  besides  almost  exduaiYely  in 
undeterminaUe  Tarieties  of  rhombohedral  Iron-ore. 

H.  Brown. 
1.  HeddUh-hrtmn.    Brown  mixed  with  a  great  deal  of 
red.  Ex.  Dodecahedrai  Garnet-blende ;  pyramidal  Zircon. 

3.  Chve^brown.  Brown  with  red  and  a  little  blue.  Very 
distinct  in  prismatic  Axinite ;  also  in  several  varieties  of 
rhombohedral  Quartz. 

8.  ffair-hrawn.  Brown  ¥rith  a  little  yellow  and  grej. 
Ex.  Prismatic  Iron^re ;  several  varieties  of  uncleavable 
Quartz,  called  Wood-opaL 

4.  BroccoU-hrawH.  A  brown  colour  mixed  with  blue, 
red,  and  grey,  hardly  to  be  defined,  and  scarcely  ever  to  be 
met  with,  except  in  pyramidid  Zirccn* 
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5.  Ou»nut''hnmH,  Tbe  purest  brawn  colour.  Eji,  £^(7P* 
tian  Jasper,  a  variet j  of  rhombohedral  Quarto^  mixed 
with  oxide  of  iron. 

6.  YeUovnsh-hnmfu  Brown  with  agreat  deal  of  yellow. 
Bx,  Iron-flint  and  common  Jasper,  both  varieUes  of  rhom« 
bohedral  Quartz,  mixed  with  oxide  of  iron. 

7*  PinMeck-bromu  Yellowish-brown,  with  a  metallie 
lustre,  or  with  a  metallic-pearlj  lustre.  Ex»  Several  varie- 
ties of  rhombohedral  Talc-mica.  In  this  mineral,  at  least, 
pinchbeck-brown  does  not  deserve  the  name  of  a  metallic 
colour,  since  it  is .  only  superficial,  and  is  changed  in  thd 
streak  into  white  or  grey. 

8.  Wood-hr&wtu  Brown  with  yellow  and  grey.  The 
colour  of  old,  nearly  rotten  wood.  Very  distinct  in  sevend 
varieties  of  hemi-prismatic  Au^te-spar,  called  Mountain 
Wood ;  sometimes  also  in  Bituminous  Wood. 

9.  Liver^owtu  Brown  with  grey  and  a  little  green. 
E.V,  Common  Jasper,  a  variety  of  riiombdhedral  Quartz, 
mixed  with  oxide  of  iron  and  day ;  it  occurs  also  in  brown 
Earthy  Cobalt,  which  is  oxide  of  cobalt  mixed  with  day. 

10.  BlackiiM»imtt.  Brown  with  a  groat  deal  of  black. 
£x.  Several  varieties  of  black  Mineral-resin,  and  of  bitu* 
mlnous  Mineral-coal,  called  Brown-coaL 

The  mentioned  varieties  of  colours  represent  as  many 
fixed  points,  between  which  there  exist  in  naturo  a  great 
number  of  shades  or  varieties.  Such  colours  aro  exproaaed 
by  the  indications  of  those  two,  with  which  they  agree  near« 
est  It  is  not  necessary,  however,  that  these  two  colours 
should  be  consecutive  ones  in  the  above  series ;  they  may 
even  be  varieties  of  different  principal  colours.  If  the  oc« 
curring  colour  differs  but  little  from  one  of  these  fixed 
points,  it  is  sidd  to  roprosent,  or  to  be  that  colour,  only 
incUningy  or  patting  into  another. 

Colours  may  be  different  in  their  intensity,  though  be« 
longing  to  one  and  the  same  variety.  Differonces  of  this 
kind  are  indicated  by  the  expressions,  pdk^  lights  deqt^  dark^ 
which  expressions  do  not  requiro  any  further  explanation. 
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§.  SOS.    SERIES  OF  COiX>URS. 

The  varieties  of  colours  occurring  in  the  indivi- 
^uals  of  one  and  the  same  species,  form  an  unin- 
terrupted series,  which  is  called  the  Series  of  Co- 
Jours  of  thai  Species. 

If  we  confer  the  colours  occurring  in  a  species,  which  is 
prettj  complete  in  this  respect,  we  find  that  they  insen- 
sibly  pass  into  each  other,  or  that  every  one  of  them  is  in- 
termediate between  two  others.  Thus  thej  represent  an 
uninterrupted  succession  of  the  shades  of  colours,  and  this 
it  is  what  is  meant  by  the  series  of  colours. 

The  occurrence  of  the  series  of  colours  is  the  most  im- 
portant &ct  in  respect  to  the  present  subject  for  the  use  of 
Natural  History.  In  order  to  obtain  these  series,  by  ab- 
stracting from  the  rest  of  the  natural-historical  properties 
of  the  individuals  in  any  complete  spedes,  it  is  necessaiy  to 
exclude  all  those  colours,  which  are  derived  from  a  mixture 
with  heterogeneous  minerals;  as,  for  instance,  the  lemon- 
yellow,  and  the  blood-red  colours  of  prismatic  Hal-bibyte, 
the  existence  of  which  is  owing  to  an  admixture  of  certain 
species  of  the  order  Sulphur  ;  or  the  yellowish-brown  and 
reddish-brown  colours  of  rhombohedral  and  uncleavable 
Quartz,  arising  from  oxides  of  iron,  &c. 

The  series  of  colours  cannot  be  described ;  they  must 
necessarily  be  studied  from  nature ;  but  the  little  trouble 
which  this  requires  will  be  amply  rewarded.  In  the 
species  of  the  order  Gem,  the  most  striking  examples 
occur.  Octahedral  Diamond,  rhombohedral  Corundum, 
prismatic  Topaz,  rhombohedral  Emerald,  dodecahedral 
Garnet,  and  rhombohedral  Tourmaline,  may  serve  as  ex- 
.  .amples  for  the  illustration  of  these  series.  The  series 
of  colours  of  octahedral  Fluor-baloide  is  one  of  the  most 
common,  and  very  easily  completed,  at  least  to  a  certain 
extent.  This  series  comprehends  a  great  variety  of  co- 
lours, and  resembles,  in  some  respect,  the  series  of  colours 
of  octahedral  Diamond  and  of  rhombohedral  Fluor-haloide. 
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'  It  is  deserving  of  notice,  that  yery  often  afi  the  species  of 
one  genus  possess  nearly  the  same  series  of  colours.  Thus 
the  several  species  of  the  genus  Garnet  entirely  agree  with 
each  other ;  the  three  most  common  species  of  the  genus 
Augite-spar,  and  more  particularly  the  hemi-priamatic  and 
the  pantomous  one,  almost  entirely  coincide  in  their  series 
of  colours. 

The  metallic  colours  do  not  form  any  series  at  all,  or  at 
least,  the  series  which  they  form  are  very  limited.  This  is 
the  reason  why  they  are  more  applicable  in  the  Character- 
istic than  the  non-metallic  colour,  the  employment  of  which 
is  almost  entirely  confined  to  the  Descriptive  part  of  Mine- 
ralogy. There  are  series  ftontainiTig  both  metallic  and  non- 
metallic  colours,  as,  for  instance,  those  of  rhombohedral 
Ruby-blende,  of  rhombohedral  Iron^re,  and  others. 

The  series  of  colours  differ  very  essentially  firom  the 
series  of  homogeneous  forms  (§.  85.)  or  from  the  series  of 
crystallisation  themselves  (§.  136.).  The  latter  are  deriv- 
able from  a  single  form,  which  is  given  or  has  been  observ- 
ed, and  can  be  obtained  in  their  whole  extent  between  their 
limits;  whereas  the  former  arise  by  the  interpolation  of 
new  members  between  known  ones ;  and  these  consequent- 
ly cannot  be  produced  with  security  beyond  that  extent, 
which  is  given  by  immediate  observation. 

§.   903.    SEVERAL    OTHER    PECITLIAEITIKS    IN    THE 

OCCURRENCE  OF  COLOURS. 

The  Play  of  CohurSt  the  Change  of  Colours^ 
the  Opalescence,  the  Iridescence,  the  Tarnish,  and 
the  DelineaHons  of  Colours,  must  be  considered  as 
properties  very  remarkable  in  themselves,  though 
of  comparatively  little  use  in  Natural  History. 

The  only  use  that  can  be  made  of  these  properties,  is  in 
the  Descriptive  part  of  Natural  History,  and  even  here 
it  is  very  limited. 


5194  TSBHIKOLOGY*  §.  5t08^ 

Tbe  Ph^  qt  Cohurs  is  produced,  if  the  mineral  in  certain 
directioiis  reflects  as  it  were  coloured  points  of  great  intent 
•ity,  which  change  with  the  position  of  the  mineral,  or  with 
the  direction  of  the  rajs  of  li^U    Of  this  property,  octa- 
hedral Diamond,  if  out,  and  precious  Opal,  a  variety  of  un- 
ckeavable  Quarts,  both  cut  and  in  its  natural  state,  are 
quoted  as  examples.    The  play  of  colours  in  octahedral 
I>iamond  depends  upon  the  reflexion  of  refiracted  light, 
occasioned  by  the  artificial  fiicets ;  in  precious  Opal  it  is 
more  analogous  to  the  change  of  colours  and  the  opalescence* 
The  Change  of  Cohurs  consists  in  the  reflection  of  bri^t 
hues  of  colour,  in  certain  directions  depending  upon  the 
structure  of  the  mineraL    The  mineral  which  presents  the 
change  of  colour  in  the  most  remarkable  degree,  is  La* 
bradore  felspar,  a  species  of  the  genus  Feld^spar. 

The  Opaleicenee  consists  in  a  kind  of  milky  light,  which 
oertain  minerals  reflect,  either  if  cut  en  caboehomy  or  upon 
plane  fibues  both  natural  and  artiflciaL  It  is,  like  the  preced- 
iog  property,  analogous  to  the  play  of  colours  in  undeayable 
Quarts.  In  the  varieties  of  riiombohedial  Quarts,  called 
Cats  eye,  it  depends  upon  composition ;  in  prismatic  Co- 
rundum, and  in  the  transparent  varieties  of  prismatic  Feld« 
•par,  called  Moonstone,  it  depends  upon  the  crystalline 
structure.  Upon  this  structure  it  likewise  depends  in 
riiombohedral  Corundum,  and  in  dodecahedral  Garnet: 
this  appears  in  particular  in  the  six-inded  and  four-nded 
stars  of  light,  itom  which  tlie  varieties  of  the  former  have 
received  the  name  of  Asteria. 

The  Iridetcenee  shews  the  colours  of  the  rainbow,  simi- 
lar to  those  produced  by  the  refraction  of  light,  through  a 
prism  of  glass.  It  presupposes  fissures  or  separations  in 
the  interior  of  the  minerals,  which  may  depend  on  struc- 
ture or  on  composition,  or  which  may  even  be  entirely  ac- 
cidentaL  The  included  space,  not  filled  up  by  the  mineral, 
shews  the  phenomenon  of  the  coloured  rings,  sometimes 
very  bright  as  in  rock-crystal,  a  variety  of  rhombohcdral 
Quartz,  where  it  is  occasioned  by  accidental  fissures  in  the 
interior.    Another  variety  of  the  same  species,  called  the 
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•  Rainbow  Calcedony,  shews  similar  colours  but  more  fitint, 
and  bere  they  depend  upon  composition. 

Another  remarkable  property  of  certain  minerals  is,  that 
they  shew  d\ff'erent  colours^  if  examined  by  transmitted  light 
in  different  determined  directions,  which  demonstrates  that 
it  is  intimately  connected  with  their  forms  and  structure. 
This  property  of  minerals  has  been  called  their  DichroUnu 
lihombohedral  Tourmaline,  prismatic  Quartz,  rhombohe« 
dnil  and  prismatic  Talc-mica,  are  among  the  most  distinct 
examples.  Several  varieties  of  the  first  are  nearly  opaque 
in  the  direction  of  the  axis,  while  they  shew  different  de- 
grees of  transparency,  and  different  green,  brown,  and  blue 
colours,  in  the  directions  perpendicular  to  it.  Prismatic 
Quartz  is  blue  in  the  direction  of  the  axis,  yellowish-grey 
perpendicular  to  it.  Prismatic  Talc-mica  is  sometimes 
green  in  the  direction  of  the  axis,  and  brown  perpendicular 
to  this  line,  &c  The  application  of  this  property  is  greatfy 
extended  by  examining  minerals  in  polarised  light,  whm 
many  minerals  shew  dichroism,  which  exhibit  in  common 
light  the  same  colour  in  every  direction. 

The  TamUh  consists  in  the  alteration  of  the  colour  of  a 
mineral  upon  its  surface.  It  is  necessary  to  be  acquainted 
with  this  peculiarity  of  certain  minerals,  in  order  to  avoid 
confounding  it  with  their  real  colours.  Minerals  with  a 
perfect  metallic  lustre  are  almost  the  only  ones  subject  to 
become  tarnished ;  in  these  it  produces  many  shades  of 
bright  colours,  the  further  distinction  of  which,  however, 
is  of  very  little  use  in  Natural  History.  Several  minerals 
become  tarnished  in  a  very  short  time,  if  a  new  fractuse 
has  been  effected.  Among  these  we  observe  native  As- 
senic. 

Simple  minerals  very  seldom  present  more  than  one  colour 
at  a  time.  There  are,  however,  examples  of  the  occurrence 
of  two  colours,  as  in  rfaombohedral  Corundum,  prismatic  To* 
paz,  rhomboheJbal  Tourmaline,  prismatic  Disthene-spar,  and 
a  few  others.  Compound  minerals,  on  the  Contrary,  are  yery 
often  variegated ;  and  the  DelineatUm  ofCcioun  comprises  the 
figures  which  the  different-  colours  produce.    It  is  supeb 
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fluoiu  to  enter,  in  this  xespect,  into  a  minute  detaiL  "With 
regard  to  the  ifendrifur  delineations,  however,  it  is  worth 
notidng  that  they  are  real  imitative  forms  (§.  183.),  and 
that  therefore  thej  do  not  refer  to  the  mineral  upon  which 
they  are  found :  they  may  be  only  superficial,  «r  be  distri- 
buted throughout  the  whole  mass  of  the  specimen. 

The  delineations  of  the  Florentine  ruin  marble,  a  com- 
pound variety  of  rhombohedral  Lime-haloide,  represent  on 
a  small  scale  a  very  interesting  phenomenon,  which  occiuns 
very  often  in  nature  on  a  laiger  scale ;  this^  however,  is 
a  subject  foreign  to  the  Natural  History  of  the  Mineral 
Kingdom. 

§.  S04.  THE  8T&EAK* 

If  we  scratch  a  mineral  with  a  sharp  instrument, 
alher  a  powder  will  be  produced^  or  the  scratched 
place  assumes  a  higher  degree  of  lustre.  Both 
these  phenomena  are  comprehended  under  the  ge« 
peral  expression  of  the  Streak, 

The  liistre  is  increased  by  the  streak  in  malleable  me- 
tals, in  several  species  of  t)ie  order  Glance,  and  in  several 
varieties  of  black  l^ineral-resin.  This  is  likewise  the  case 
with  clay,  and  with  several  otl^er  decomposed  minerals. 

The  best  method  for  observing  the  colour  of  the  powder, 
is  to  rub  the  mineral  upon  a  plate  of  porcelain  biscuit,  or 
upon  a  file,  till  the  powder  appears.  In  those  minerals 
which  are  too  hard  for  a  process  of  this  kind,  the  streak  itself 
is  of  no  great  consequence. 

Some  minerals  retain  their  colour  in  the  streak ;  others 
change  it.  Among  the  former  are  most  of  those  belonging 
to  the  orders  Glance,  IJaloide,  Spar,  and  all  those  of  a  white 
colour ;  among  the  latter,  several  of  the  orders  Ore,  Py- 
rites, Blende,  &c.  The  former  are  said  to  be  unchanged  in 
the  streak ;  of  the  latter,  the  alteration  of  the  colour  in 
the  sireak  b  indicated.  A  white  or  grey  streak  of  mine? 
rals  is  said  to  be  uncohured. 
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§.  SOS.  DEGREES  OF  TRANSPAftENCY. 

With  regard  to  the  transparency  of  minerals,  we 
have  to  observe  the  relative  quantity  of  light  which 
is  transmitted  through  their  substance.  The  use  of 
the  degrees  of  tranquirency  is  confined  to  the  D^ 
scriptive  part  of  Natural  History. 

These  degrees  are, 

1,  TraupareHtj  if  the  light  f»  transmitted  in  a  sufficient 
^   qvamtlty  to  enable  us  to  distinguish  sniali  oljlects  pUioed 

behind  the  mineraL 

2,  Sen^ranaparent^  if  it  b  possible  to  see  an  object  behind 
the  mineral,  without,  however,  being  able  to  distinguish 
more  of  it,  than  its  general  outline. 

8,  Tranilucent^  if  a  small  quantity  of  light  only  &Us  inte 
the  mineral,  but  without  allowing  an  object  behind  it  te 
be  seen,  except  in  so  far  as  it  in  general  may  prevent  the 
light  from  £iUing  upon  the  mineraL 

4,  Transiucent  an  the  edget^  if  only  the  most  acute  edges 
of  a  mineral  receive  some  light,  while  the  interior  remains 
perfectly  dark.  This  degree  of  transparency  has  moreover 
been  distinguished  into  strongly  and  feebly  translucent 
on  the  edges ;  and  it  is  upon  distinctions  of  this  kind  ^taX 
are  founded  the  differences  between  the  varieties  of  rfaom- 
bohedral  Quartz,  called  flint,  homstone,  jasper,  .&c. 

5,  Opaque^  if  a  mineral  transmits  oo  light  at  alL 

The  species  of  the  orders  Metal,  Glance,  and  Pyrites, 
consequently  most  of  those  which  possess  a  perfect  metal- 
lic lustre,  are  entirely  opaque.  This  is,  however,  not  quite 
general  for  aU  the  minerals  of  a  metallic  appearance,  as 
for  instance  the  lamellar  varieties  of  rhombohedral  Iron-ore, 
which  transmit  sometimes  in  the  sun  a  very  bright  red 
colour. 

Minerals  of  a  non-metallic  appearance,  are  not  entirely 
opaque,  a  few  species  of  the  order  Ore,  perhaps  except- 
jed.     Yet  accidental  impurities  influence  so  much  their 
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tnnsparency,  that  this  property  becomes  ahiiost  entirely 
uteless  in  the  Determinative  part  of  Natural  History. 
The  best  employment  to  be  made  of  it  seems  to  be,  in  the 
distinction  of  compound  varieties  from  simple  ones,  if  the 
minutenessof  the  particles  of  composition  prevents  them 
from  being  observed  immediately.  Commonly  in  the  same 
species  (§.  190.)  the  compound  varieties  possess  a  lesf 
degree  of  transparency  than  the  simple  ones.  A  very  dia. 
tinct  example  of  this  we  have  in  the  varieties  of  rhombo- 
hedral  Quartz.  Almost  all  its  single  individuals,  provided 
they  are  not  impure,  shew  higher  degrees  of  transparency 
than  flint,  homstone,  calcedony,  and  other  compound  va.i 
rieties. 


CHAPTER  II. 

OF  THE  PHYSICAL  PROPERTIES  OF  MINERALS. 
§.  206.    EXPLANATION. 

The  properties  jof  the  substance  of  minerals,  or 
those  which  have  by  preference  been  termed  their 
physical  properties,  comprehend  all  those  which 
neither  depend  upon  their  form  and  the  space 
which  they  fill  up,  nor  upon  the  presence  or  ab- 
sence of  light. 

Among  these  are  the  State  of  Aggregaivniy  Hardness,  Specie 
Jk  Gravity,  Magnetttm,  Electricity,  Taste,  and  Odour. 

It  is  almost  unnecessary  to  obsenre,  that  the  expressions 
mass,  or  substance,  must  not  be  conceived,  in  the  chemical 
sense  of  .the  word,  and  that  these  properties  are  not  meant  to 
be  more  essential  to  the  minerals  than  any  of  those  which 
hj^ve  been  considered  above,  which  perhaps  might  be  in» 
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fened  from  the  consideration,  that  these  properties  refer 
to  the  minerals  themselves,  even  though  we  should  ah'* 
stract  from  their  geometrical  and  optical  properties. 

§.  207*    STATE  OF  AGGBEGATIOK. 

In  respect  to  the  state  of  aggregation,  we  distin- 
guish solid  and  fluid  minerals.  The  former  are 
either  brittle^  or  sectilej  or  malleable^  or fleanble^  or 
elastic ;  the  latter  are  either  liquid  or  expansible. 

A  solid  mineral  is  said  to  be— 

1,  Brittle^  if  in  the  experiment  of  detaching  small  par« 
tides  of  it  with  a  knife  or  a  file,  these  particles  lose  their 
coherence,  and  separate  with  a  grating  noise,  while  they  fij 
about  in  the  state  of  powder.  The  particles  therefore  cannot 
alter  their  respective  situations  without  separating  en- 
tirely. Ex,  All  the  species  of  the  orders  Gem,  Spar,  Vy- 
rites,  several  of  those  of  Ore,  Haloide,  &c. 

2,  MaUeahk^  if  the  particles  detached  bj  the  knife,  do 
not  lose  their  connexion.    From  a  malleable  mineral,  we 
may  detach  slices  as  we  do  from  metallic  lead.    Ex,  Man/ 
metals,  hexahedral  Pearl-kerate,  hexahedral  Silver-glance,  ' 
and  several  varieties  of  black  Mineral-resin. 

3,  SecHle^  if  in  the  above  experiment  the  particles  lose 
their  connexion,  and  do  not  allow  the  separation  of  any 
slices ;  but  if  at  the  same  time  they  do  not  fly  about  wiUi 
a  noise,  but  quietly  remain  upon  the  instrument  we  have 
applied.    The  sectile  minerals  form  an  intermediate  stage 
between  the  malleable  and  the  brittle  ones.    This  state  of 
aggregation  is  commonly  not  distinguished  by  natural  philo. 
sophers,  though  it  is  very  useful  in  the  characters  of  several" 
species.    Examples  of  sectile  minerals  we  have  in  most  of 
the  species  of  the  orders  Mica  and  Glance,  in  some  of  the 
orders  Haloide,  Baryte,  &c 

4,  Ductile,  if  it  can  be  wrought  into  sheets  or  wire ;  so 
that  by  the  application  of  a  greater  or  lesser  force,  the  par* 
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tides  of  the  mineral  may  change  their  relative  dtuation, 
without  abaolutely  losing  their  connexion.  Bx.  Seveni 
metals,  as  hezahedral  Gold  and  bexahedral  Silver. 

5,  Fkxibky  if  the  particles,  whose  relative  situation  has 
been  changed,  do  not  resume  their  fonner  situation.  There 
are  flexible  minerals,  which  are  neither  ductile  nor  malleable. 
Ex,  Several  metals,  bexahedral  Silver-ghmce^  and  several 
varieties  of  prismatic  TaUsmica. 

6,  Bbutkiy  if  the  particles,  whose  relative  situation  has 
been  changed,  resume  their  former  situation.  Ex,  Several 
varieties  of  rbombohedral  Talc-mica,  andof  blsck  Mineral- 
resin. 

A  fluid  mineral  is  more  particularly  said  to  be — 
*         I,  Liquid^  if  in  pouring  it  out  from  a  vessel,  perfect 
round  drops  are  formed.    Ex.  Water,  several  Adds,  Huid 
Mercury,  and  several  varietiea  of  black  Mineral-resin. 

2,  VUcid^  if  the  drops  are  not  round,  but  ropy.  Mx,  Se^ 
vend  varieties  of  black  Mineral-resin. 

Expansible  minerals  do  not  shew  any  further  differepces 
in  this  respect  They  comprehend  the  Gases  and  some 
Adds. 

It  is  evident  that  all  these  properties  are  subject  to  small 
variations,  and  that  they  pass  into  each  other  by  insensible 
gradations. 

§.  208.  HARDNESS* 

Hardness  in  general  may  be  defined  to  be  the 
resistance  of  solid  minerals  to  the  displacement  of 
their  particles.  The  magnitude  of  this  resistance  is 
their  Degree  qf  Hardness. 

Hardness  is  a  very  useful  pn^rty  in  the  Natural  His- 
tory of  the  Mineral  Kingdom,  particularly  so  in  its  deter- 
minative part. 

Nothing  is  attended  with  greater  difficulties,  than  the 
establishment  of  an  accurate  scale  for  the  degrees  of  hard. 
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nesfl.  It  is  necessazy  therefifire  to  endearoiir,  eyen  without 
an  accurate  scale  of  that  kind,  to  become  capable  of  aacer- 
taining  and  indicating  these  difiPerences,  at  least  with  a  de- 
gree of  aecuiacj  and  certamty  sufficient  for  the  wants  of 
the  Natural  History  of  the  Mineral  KingdooL 

The  existence  of  difierenoes  in  the  degrees  of  hardness 
among  the  minerals,  is  very  eaalj  discovered,  by  the 
simple  experiment  of  scratching  one  of  them  by  the  other. 
A  abaxp  comer  of  rhombohedxiil  Quartz  will  produce  a  deep 
cut  in  the  mass. of  rhombohedral  Lime-haldde ;  whiist  a 
sharp  comer  of  the  latter  species  does  not  izyure  the  sur- 
&ce  of  the  former.  Hence  we  infer,  that  rhombohedral 
Quartz  possesses  a  higher  degree  of  hardness  than  rhom- 
bohedral lime-haloide ;  and  in  general,  that  of  two  mine- 
rals, the  harder  one  scratches  the  other,  but  cannot  inversely 
be  scratched  by  it.  Some  precautions,  however,  are  neces- 
sary  in  drawing  general  inferences  from  these  observations. 

If  we  proceed  upon  this  principle,  we  may  obtain  a  Scak 
lor  the  degrees  of  hardness,  answering  in  every  rfspect  the 
purposes  of  Mineralogy.  This  is  effected  by  chooaing  a 
certain  number  of  suitable  minerals,  of  which  every  pre- 
ceding one  is  scratched  by  that  which  follows  it,  while  the 
latter  does  not  scratch  the  former ;  taking  care  always  that 
the  intervals  between  every  two  members  of  the  scale  be 
not  so  disproportionate,  as  either  to  render  its  employment 
more  difficult,  or  to  hinder  it  alti^ther. 

The  following  scale  possesses  these  properties : 

1,  PritmaHc  Tak-mlca^  the  common  Talc  of  mineralogists, 
of  a  whitish  or  greenish  colour. 

'  2,  Pritmatoidal  Gyptnm-hdUAdCy  a  variety  imperfectly 
cleavable,  of  an  inferior  degree  of  transparency,  and  not 
crystallised ;  crystals  and  perfectly  transparent  varieties 
being  rather  too  soft  This  degree  of  hardness  is  exactly 
thsit  of  kexahfdral  Rock'taU,  which  mineral  therefore  may 
foe  very  useful,  either  in  being  immediately  employed  in 
the  determination  of  hardness,  or  at  least  in  finding  out 
such  varieties  of  the  above-mentioned  species,'  as  exactly 
possess  the  required  degree  of  hardness. 


I 
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S,  EhotMhedrdl  lAme^hahidc  Any  ckavaUe  ▼arietj. 
The  minerals  called  Brown-«par  (macrotypous  lime-ha- 
loide),  or  Rhomb^spar  (macrotypous  and  bracfaytjpous 
lime-baloide),  cannot  be  employed  in  iUi  place,  the  hard- 
ness of  these  being  considerably  higher. 

4,  Octahedral  Flaor-haioide,     Any  cleavable  variety. 

5,  RhembohedralFluor'haMde.   The  vanetjr  from  Salzbug 
called  Asparagus-stone,  possesnng  a  conchoidal  finactuie. 
The  Apatite  from  Saxony  or  Bohemia,  will  seldom  be 
Ibiiad  to  answer  the  purpose,  though  of  exactly  the  same 
degree\>f  hardness. 

6,  Pritmatic  Feldspar.    A  perfectly  clesTable  variety  of 
Adularia. 

7,  RkmkboKcdral  Quarts.    Limpid  and  transparent. 

8,  Pritmatic  Topaz,    Any  simple  variety. 

9,  Rhotnbohedrai  Carundunu  The  easily  cleavable  vnriety 
from  Bengal,  called  Corundum-stone. 

10,  Octahedral  Diamond. 

The  minerals,  which  represent  the  units  of  this  scale, 
have  been  chosen  among  those  species,  which  may  be  most 
eaiily  acquired  with  the  necessary  qualifications,  excepting 
perhaps  only  rhombohedral  Fluor-haloide. '  Yet  it  has  been 
impossible  to  find  out  another  which  might  be  as  useful  in 
its  place. 

The  intervals  between  the  memben  of  the  scale  are  not 
everywhere  of  the  same  magnitude.  Octahedral  Diamond 
is  evidently  mudh  harder,  if  compared  with  rhombohedral 
Corundum,  than  octahedral  Fluor*haloide,  if  compared  with 
rhombohedral  Lime-haloide.  This,  however,  is  of  no  con- 
sequence in  the  case  above  mentioned ;  for  there  exists  no 
mineral  of  a  hardness  intermediate  between  the  d^rees 
represented  by  the  two  firat  of  these  species.  But  the 
interval  between  rhombohedral  Fluor-haloide  and  prismatic 
Feld-spar  is  likewise  greater  than  it  should  be.  In  this  case 
it  would  be  very  desirable  to  have  another  mineral  whidi 
might  ayow  of  being  employed  instead  of  rhombohednd 
Fluor-haloide.  But  in  general  it  is  very  difficult  to  ascer- 
Uin  the  perfect  equality  of  the  intervals  between  the  differ* 
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ent  degrees  of  hardness,  and  on  that  account  also  it  is 
very  difficult  to  be  obtained.  Yet  all  these  imperfections 
are  by  no  means  ptgudicial  to  the  useftil  employment  of 
the  scale. 

The  degrees  of  hardness  are  expressed  by  means  of  those 
numbers  which  in  the  above  enumeration  are  prefixed  to 
them.  Thus  the  hardness  of  rhombohedral  Ume-haloide  is 
3s  3,  that  of  rhombohedral  Corundum  as  9. 
.  The  intenrab  between  each  two  subsequent  members  may 
be  divided  into  ten  equal  parts ;  and  these  tenths  determine 
ed  by  estimate.  It  will  very  seldom  be  required  to  ralue 
the  hardness  to  more  or  less  than  0. 5 ;  but  it  wiU  al«> 
ways  be  possible  to  proceed  so  far  as  we  find  it  necessary  to 
answer  our  purpose. 

The  state  of  liquidity  may  be  considered  as  the  zero  of 
the  scale. 

If,  in  employing  the  scale,  we  endeavour  to  find  the  de- 
gree of  hardness  of  a  given  mineral,  by  trying  which 
member  of  the  series  is  scratched  by  it,  and  which  of 
them  injures  the  sur&ce  of  the  given  one,  it  will  appear 
that  the  specimens  employed  should  possess  certain  proper- 
ties, in  many  cases  difficult  to  be  found.  They  should  all 
have  &ces  perfectly  smooth  and  even,  and  solid  angles  or 
^mers  of  the  same  form,  and  be  equally  durable. 

As  to  the  ftces,  those  produced  by  cleavage  seem  the 
most  eligible,  if  they  possess  a  pretty  high  d^recof  per- 
fection. Faces  of  crystallisation  are  commonly  uneven  or 
streaked ;  cut  and  polished  faces,  however,  in  many  in- 
stances shew  a  less  degree  of  hardness  than  the  mineral 
really  possesses.  -^ 

It  is  stiU  more  difficult  to  obtain  the  comers  with  the 
constant  quality  which  is  required.  Even  in  a  determined 
form  these  are  sometimes  liable  to  be  so  much  influenced 
by  structure,  that  they  give  very  uncertain  results.  In 
this  respect,  the  soljj  angles  of  the  tetrahedron,  and  those 
of  the  octahedron  of  octahedral  Fluor-haloide^  shew  quite 
difierent  phenomena.  The  comers  of  compound  varieties, 
ki  which  the  indivldoals  become  impalpable  or  disappear. 
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such  as  Calcedony,  Flint,  and  others,  are  commoDlj  found 
very  powerful,  much  more  so  than  similarlj  formed  comers 
of  Bunple  varieties.  But  if  the  composition  is  still  observ- 
able,  the  particles  very  often  separate  in  the  experiment  of 
acratcldng  another  mineral,  and  the  comev  of  a  compound 
mineral  cannot  produce  the  effect  of  that  of  the  simple 
minersL  The  application  of  the  edges  is  subject  to  similar 
difficulties. 

Numerous  experiments  of  determining  the  degree  of 
hardness,  by  the  mere  scratching  of  one  substance  with 
the  other,  have  completely  established,  that  this  process 
alone  is  not  sufficient,  if  we  intend  to  make  a  more  sure 
and  extensive  application  of  the  characters  that  may  be 
taken  from  hardness,  than  that  which  has  hitherto  been 
common  in  Mineralogy. 

But  if  we  take  several  specimens  of  one  and  the  same 
mineral,  and  pass  them  over  a  fine  file,  we  shall  find  that 
an  equal  forc6  will  everywhere  produce  an  equal  effect,  pro- 
vided that  the  parts  of  the  mineral  in  contact  with  the  file 
be  of  a  similar  size,  so  that  the  one  does  not  present  to 
the  file  a  very  sharp  comer,  while  the  other  is  applied  to 
it  by  a  broad  fiice.  It  is  necessary  also  that  ihejbrce  applied 
in  this  experiment^  be  aiwayt  the  leatt  possible. 

Every  person,  however  little  accustomed,  will  experience 
a  very  marked  difference,  if  comparatively  trying  in  this 
way  any  two  subsequent  members  of  the  above  scale^  and 
thus  the  difference  in  their  hardness  will  be  easily  perceiv- 
ed. A  short  practice  is  sufficient  for  rendering  these  per- 
ceptions more  delicate  and  perfect,  so  that  in  a  short  time 
it  is  possible  to  determine  differences  in  the  luutlness  very 
much  less  than  those  between  two  subsequent  members  of 
the  scale. 

tr]x>n  these  observations  is  founded  the  application  of 
the  scale,  the  general  princ^le  of  which  consists  in  this, 
that  the  degree  of  hardness  of  the  given  mineral  is  com- 
pared witli  the  degrees  of  hardness  of  the  members  of  the 
scale,  not  immediately,  by  their  mutual  scratching,  but 
mediately,  througli  the  FilCy  and  determined  accordingly. 

The  process  of  this  determination  is  as  follows : 
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FiiBt  we  try,  with  a  comer  of  the  given  mineral,  to 
scntcfa  the  memben  of  the  scale,  beginning  from  above, 
in  order  that  we  may  not  waste  unnecessarily  the  spe- 
cimens representing  lower  members.  After  having  thus 
arrived  at  the  first,  which  is  distinctly  scratched  by  the 
^ven  mineral,  we  have  recourse  to  the  file,  and  compare 
upon  it  the  hardness  of  this^egree,  that  of  the  next  higher 
degree,  and  of  the  ^ven  mineraL  Care  must  be  token 
to  employ  specimens  of  each  of  them  nearly  agreeing  in 
form  and  size,  and  also  as  much  as  possible  in  the  quality 
of  their  an^es.  From  the  resistance  these  bodies  oppose 
to  the  file,  and  finom  the  noise  occasioned  by  their  passing 
over  it,  we  argue  with  perfect  security  upon  their  mutual 
relations  in  respect  to  hardness.  The  experiment  is  repeat- 
ed with  all  the  alterations  thought  necessary,  till  we  may 
consider  ourselves  arrived  at  a  fitir  estimate,  which  is  at 
last  expressed  by  the  number  of  that  degree  with  which  it 
has  been  found  to  agree  nearest,  the  decimals  being  like- 
wise added,  if  required. 

The  files  answering  best  fbr  the  purpose  are  fine  and 
very  hard  ones.  Their  absolute  hardness  is  of  no  conse- 
quence; hence  every  file  will  be  applicable,  whose  hard- 
ness is  in  the  necessary  relation  with  that  of  the  mineral. 
For  it  Li  not  the  hardness  of  the  file  with  which  we  have 
to  compare  that  of  the  minerals,  but  the  hardness  of  ano- 
ther mineral,  by  the  medium  of  the  file.  From  this  ob- 
servation it  appears,  that  the  application  of  the  file  widely 
differs  finom  the  methods  of  determining  the  hardness  of 
minerals  which  have  hitherto  been  in  use ;  as  scratching 
glass,  stzikmg  fire  with  steel,  cutting  with  a  knife,  scratch- 
ing with  the  naU,  &c 

Besides  an  appropriate  form,  there  is  another  necessary 
pirt^perty  of  the  minerals  to  be  determined,  consisting  in 
their  state  of  purity.  Neither  the  degree  of  hardness,  nor 
that  of  specific  gravity,  can  be  correctly  ascertained,  if  we 
employ  impure  substances.  For  the  same  reason  it  would 
be  wrong  to  make  use  of  Ininerals  which  have  undergone  a 
total  or  even  partial  decomposition  {  and  in  general  every 
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dKunutanoe  which  might  influence  the  harflny,  must  be 
duly  attended  to,  if  we  intend  to  arrive  at  a  uaefiil  and 
correct  result.' 

Minerala  that  deave  with  particular  ftdlit j  in  oolj  one 
direction,  very  often  shew  a  less  degree  of  hardness  upon 
the  perfect  &ce  of  cleavage,  than  in  other  directions.  I^ 
matic  Disthene-spar  sometimes  is  scratched  by  octahednd 
Fluor-haloide  upon  the  eminent  fiice  of  cleavage,  whilst  an 
angle  of  the  very  same  individual  scratdies  not  only  rhom- 
bohedral  Fluor-haloide,  but  even  sometimes  prismatic 
Fdd*8par.  If  we  intend  to  determine  a  mineral  of  this  de- 
scriptixm  by  the  help  of  the  Characteristic,  it  will  be  the 
best  plan  to  take  a  mean  term  between  the  two  degrees 
measured,  or  rather  to  keep  nearer  to  the  higher  one.  It 
would  be  wrong  to  receive  them  into  a  scale  of  hardness, 
like  the  preceding  one,  suice  this  would  betray  a  want 
of  acquaintance  with  the  scale  itself  and  with  its  employ- 
ment. 

Supposing  all  the  precautions  necessary  in  determining 
the  degrees  of  hardness  to  have  been  taken,  and  the  cir- 
cumstances weU  attended  to,  which  might  have  exercised 
some  influence ;  we  And  that  those  individuals  which  be- 
long to  one  and  the  same  spedes,  admirably  agree  with 
eadi  other  in  respect  to  this  property  ;  and  that  deviations 
from  an  exact  coincidence,  if  they  happen  to  occur,  do  not 
take  place  per  Mftmyi,  but  that  they  axe  joined  with  eadi 
other  by  intermediate  members.  These  members  produce 
a  series,  in  most  cases  between  very  narrow  limits.  This 
observation  seems  to  be  contradicted  by  the  authority  of 
aevenl  minerakgical  works.  But  there  are  indeed  few 
suljects  with  regard  to  the  properties  of  mineials,  which 
have  been  treated  with  more  indifference  or  even  careless- 
ness than  their  hardness,  and  on  this  account  little  or  no 
credit  is  due  to  what  most  of  the  mineralc^gical  works  con- 
tain of  its  indications. 

KiRWAK,  Db  la  Metheme,  and  Rome  de  L*Isle, 
have  each  endeavoured  to  construct  scales  of  hardness.  A 
comparative  table  of  the  hardness  of  different  subsUnces 
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is  contained  in  the  works  of  Haut.    A  glance  at  them  will 
suffice  for  enabling  us  to  form  an  idea  of  their  applicability. 

§.  209.   SPECIFIC  OBAVITY. 

If  we  suppose  the  absolute  weight  of  one  of  two 
bodies,  possessing  the  same  volume,  to  be  =  1 ; 
the  ratio  of  the  absolute  weight  of  the  other  to 
this  unit,  is  termed  its  Specific  Gravity. 

The  determinaticm  of  the  specific  gravity  depends  upon 
Uie  comparison  between  absolute  weights  and  yolumes. 
They  cannot  be  instituted  at  all,  or  at  least  not  to  a  suf- 
ficient degree  of  accuracy,  merely  by  sight  or  estimate. 
We  must  avail  ourselves  of  the  assistance  of  appropriate 
instruments,  if  we  wish  the  determination  to  be  of  use. 

The  instruments  intended  for  ascertaining  the  specific 
gravity  of  solid  bodies,  are  the  Hydrostatic  Balance  and 
Nicho]son*s  Araeometer.  That  of  a  liquid  is  determined 
by  weighing  in  it  a  solid  body,  whose  specific  gravity  we 
know,  and  which  is  not  soluble  in  the  liquid.  Instruments 
have  likewise  been  constructed  for  this  pui^pose.  The  de- 
termination of  the  specific  gravity  of  expansible  fluids  re- 
quires very  delicate  operations,  and  instruments  that  are 
not  within  the  reach  of  every  body* 

The  arrangement  of  the  two  above  mentioned  instru- 
ments, their  use,  and  the  whole  process  of  taking  the  specific 
gravity  of  bodies,  are  very  generally  known,  or  at  least  they 
may  be  found  described  at  large  in  every  treatise  on  Natural 
FhiloBophy.   Each  of  them  possesses  particular  advantages. 

The  hydrostatic  balance  allows  of  a  high  degree  of  ac- 
curacy, and  is  very  convenient  in  its  use.  The  instru- 
ment being  correct  in  itseli^  and  delicate  as  a  common 
balance,  its  delicacy  as  a  hydrostatic  one  will  depend  upon 
the  thinness  of  the  thread  by  which  the  vessel  is  suspended, 
which  bears  the  body  immersed  in  the  water.  A  human 
hair  is  sufficiently  strong  for  supporting  a  weight  of  three 
hundred  grains,  and  therefore  y&cy  useful  in  taking  the 
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tfpedflc  gimvlty  of  eiidi  bodtet  as  do  Qol  poflsest  any  great; 
abiolote  weight. 

The  pin,  which  supports  the  uppennost  cup  of  the  meo- 
meter,  destined  for  the  reoeptioii  of  the  weights  snd  of 
the  body  to  be  weighed,  must  possess  a  certain  diameter, 
einoe  it  acts  not  only  as  a  supporter,  but  a]so  in  the 
capacity  of  a  leal  weight,  according  to  the  depth  to  which 
it  is  immersed  in  the  water.  This  diameter,  however^ 
must  remain  within  certain  limits,  if  the  instrument  diall 
not  lose  its  nioeness. 

The  hydrostatic  bahmce  will  therefMe  be  more  eliipUe  te 
more  accurate  inquiries,  either  to  obtaining  a  greater  nnnu 
ber  of  dedmal  figures,  or  for  determiningthe  gravity  of  a  Teiy 
amaU  specimen:  hence  it  must  always  be  employed,  if  our  ob- 
ject is  to  fix  the  limits  of  the  range  in  the  specific  gravities 
of  a  natuzaUiistorical  species,  Ibr  the  sake  of  the  detennina. 
lion  of  its  Tarieties ;  and  this  has  been  done  in  the  qiedes 
contaiiied  in  the  subsequent  CharuteilBtiA.  For  the  com- 
mon  use  of  detenmning  the  specific  grsTity  of  minerals,  in 
order  to  find  out  their  denwninations  by  the  assistanee  of 
this  Characteristic,  the  aiseometer  will  be  fiiund  both  suf^ 
fident  and  preferable,  because  in  this  case  we  may  ac- 
quiesce in  most  cases  in  the  first  dedmal  figure  af  the  spew 
dfic  gnvity.  The  instrument  is  besides  recornmendable, 
on  account  of  its  being  cheap  and  portable^  The  size  df- 
the  specimens,  the  specific  gravity  oif  whidi  may  be  taken 
by  help  of  the  areometer,  cannot  exceed  certain  limits, 
determined  on  one  side  by  the  absolute  weight  it  will  bear, 
till  it  be  immersed  to  the  sign  marked  upon  the  pin,  on  the 
other  by  the  niceness  of  the  instniment  itsel£ 

In  taking  the  specific  gravity,  we  must  likewise  observe 
the  degree  of  temperature^  The  'changes  <^  temperature 
render  it  necessary  to  determine  the  normal  we^t,  or  Uiat 
which  is  required  for  depitssing  the  aneimieter  to  a  'cer« 
tain  point,  at  eveiy  experiment,  in  the  same  way  as  it  is 
necessBiy  in  the  hydrostatfe  balance,  which  likewise,  previa 
ous  to  eveiy  experiment,  must  be  brought  into  equilibrium. 

The  minerab,  of  which  we  intend  to  take  the  specific 
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gravity,  must  be  perfectly  pine.  The  greatest  care  there- 
fore must  be  taken  in  removing  as  much  as  poasible  what- 
ever heterogeneoua  subetances  may  adhere  to  them,  or  at 
leaaty  if  this  should  be  imposaiUe,  not  to  neglect  eonA* 
dering  the  influence  of  such  an  admixture  upon  the  cor- 
rectness of  the  results.  Moreover,  aU  the  vacuities  or 
ttnpty  spaces  within  the  specimens,  must  carefully  be 
opened.  In  order  to  get  rid  ctf  these,  the  minerals  ought 
to  be  broken  down,  till,  even  by  the  assistance  of  a  mi* 
croscope,  we  can  no  longer  detect  a  want  of  continuity  in 
the  fra^ents.  Compound  varieties  axe  more  sutgect  to 
contain  shnilar  vacuities  than  simple  minerals;  for  this 
reason  the  compontion  must  be  r^noved,  at  least  in  so  far 
that  it  cannot  have  any  more  influence  upon  the  accuracy 
of  our  results.  Yet  the  minends  must  not  be  too  mudi 
reduced  In  size,  since  this  mi^t  lead  into  an  opposite  er. 
ror,  in  supposing  those  mbieralB  lighter  than  water,  which 

.  swim  upon  it,  when  reduced  to  an  impalpable  powder. 
These  precautions  have  been  very  often  neglected  in 
taking  many  of  those  specific  gravities  quoted  in  minenlo- 
pcal  works,  and  thus  numberless  erroneous  and  inaccurate 
statements  have  been  introduced,  which  render  their  em- 
ployment at  least  uncertain,  and  on  that  aocoont  use* 
•  leas  fixr  Minerakgy*    Another  source  of  error,  for  which 

*  many  examples  mi^t  be  quoted,  consists  in  the  incorrect 
determination  of  Uie  natural-historical  species  to  which 
the  specific  gravities  have  been  referred,  and  which  have 
pasKd  inaxk  one  work  into  another. 

A  certain  degree  of  attention  is  required,  both  in  select- 
ing the  specimens  and  in  the  operation  of  ascertuning  the 
spedfic  gravity.  But  firom  this  it  wiU  appear  that  the  re» 
suits  of  the  single  experiments  made  upon  specimens  of 
homc^geneous  minerals,  coincide  in  a  remarkable  degree  i 
-and  thus  we  may  aigue  upon  the  great  importance  (^  the 
application  whidi  this  property  will  allow  in  the  Natural 
History  of  the  Mineral  Kingdom. 
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§.  210.   MAOK£TlSM. 

Some  minerals  act  upon  the  magnetic  needle,  if 
they  are  brought  within  the  sphere  of  its  attraction. 
Others  become  magnets  themselves.  These  pheno- 
mena are  made  use  of  as  characters,  under  the 
name  of  MagneHsm. 

The  only  mizierals  hitherto  known,  which  exercise  a  coo- 
sidenble  action  upon  the  magnetic  needle,  are  the  octahe- 
dral Iron,  and  the  octahedral  Iron-ore.  Uhombobednd 
Iron-ore,  rhombohedral  Iron-pjrites,  and  seTend  othen, 
likewise  act  upon  it,  but  with  less  eneigj. 

Instead  of  a  needle,  the  magnetic  bars  maj  be  ai^ilied 
in  examining  minerals,  which  in  this  case  must  be  oonrert- 
ed  into  a  fine  powder,  in  order  to  extract  from  them  such 
particles  as  possess  magnetic  properties. 

§.  211.   ELXCTBICITY. 

Several  minerals  produce  electric  phenomena; 
some  of  them  by  friction,  others  by  pressure,  others 
by  communication,  and  others  by  heat  Some  are 
idio-electric ;  others  are  conductors  of  electricity. 
These  phenomena  may  be  usefully  applied  as 
characters  of  minerals. 

Vitreous  electricity  is  produced  by  friction  in  most  mi- 
nerals of  the  orders  Gem,  Spar,  Mica,  Bary  te,  &c  in  seve- 
ral Haloides,  and  even  in  Salts.  In  the  same  way  those  of 
the  orders  Sulphur,  Resin,  and  Coal,  shew  the  phenomena 
of  resinous  electricity.  As  conductors  of  electricity,  we 
may  notice  the  minerals  of  the  orders  Metal,  Pyrites,  and 
GUnce.  Those  of  the  orders  Blende,  Ore,  and  several 
others,  do  not  appear  quite  uniform  in  this  respect. 

Heat  produces  electric  phenomena  in  prismatic  Topaz, 
in  rhombohedral  Tourmaline,  in  prismatic  Kouphone-spar, 
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in  axotomouB  Triphane-spar,  in  pvismatic  Zinc-barjrte,  &c. 
The  opposite  extremities  of  the  crystals  assume  in  these 
species  opposite  kinds  of  electricity,  and  they  possess  there-, 
fore  electric  axes.  Tetrahedral  Boradte  shews  four  electric 
axes,  coinciding  with  the  riiombohedral  axes  of  the  hexa- 
hedron. This  di£ference  in  the  electric  phenomena  is  very 
often  accompanied  by  a  different  configuration  of  the  oppo- 
site terminations  of  crystals  (§.  IGO.). 

The  processes  employed  in  producing  and  observing  the 
electric  phenomena,  and  the  small  apparatus  required,  may 
be  found  in  many  works,  both  described  and  illustrated  by 
figures.  Perhaps  these  phenomena  will  prove  in  future 
more  useful  for  the  purposes  of  Natural  History,  than  has 
hitherto  been  the  case,  since,  in  respect  to  minerals,  they 
have  been  too  generally  consid^ed  as  mere  phyncal  cu« 
riositieSi 

§•  21 S.   TASTE. 

Several  minerals,  solid  as  well  as  fluid,  produce 
a  sensible  taste.  Most  of  the  solid  ones  are  taste- 
less. This  difference  yields  very  useful  general 
characters. 

AH  the  Adds  and  Salts  produce  some  taste.  The  salts 
fi>und  in  nature,  commonly  not  shewing  any  of  the  charac- 
ters required  for  their  exact  determination,  their  taste  is 
almost  the  only  one  left  to  which  we  posnbly  may  recur ; 
and  for  this  reason  the  differences  in  the  kinds  of  taste  have 
been  provided  with  particular  denominations.  ThefbUow- 
iag  expresrions  have  been  employed : 

ly  AHringent  for  the  taste  of  vitriol ; 

3,  SweetUh  for  the  taste  of  alum ; 

3»  SaHne  for  the  taste  of  common  salt ; 

4,  ^Ifto^Mitf  for  the  taste  of  soda; 

5,  Coo^lfv  for  the  taste  of  saltpetre; 
0,  Sitter  for  the  taste  of  epsom  salts 
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7,  {/rlitOM  for  the  taste  of  sal  ammonUu:; 

8,  Suur  for  the  taste  of  sulphuric  add,  or  of  carbonic  add. 
Besides,  the  mtensity  or  other  peculiarities  of  severed 

kinds  of  taste  maj  be  iiidicated,  which  is  suffidentlj  plain 
by  the  manner  in  whidi  it  is  effected  in  this  work. 

Pure  artificial  salts  are  most  eligible  as  examples  for  the 
diiTercnt  kinds  of  taste.  Some  caution  is  required  in  ascer- 
taining tbis  character  in  unknown  minonds.  Since  in  most 
cases  it  is  quite  suffident  to  know,  whether  or  not  a  mine- 
ral excites  some  taste,  we  may  also  diasdlTe  them  in  water, 
because  all  aapid  minerals  are  soluble  in  a  small  quantit j 
of  this  fluid. 

§•213.  ODOUE. 

There  are  minerals  which,  dther  spcmtaneously 
or  when  rubbed,  emit  some  odour,  which  likewise 
in  particular  cases  may  afford  usefiil  chaiacters. 

Several  varietiea  of  bkck  Mineral-reda  poasess  a  bitu« 
minous  odour.  The  spedes  of  the  genus  Iron-pjrites  emit 
a  sulphureous  odour,  when  stronglj  rubbed,  as  takes  phoe 
in  striking  fire.  The  Arsenical-pyrites  under  the  same  dzw 
cumstances  yield  an  arsenical  or  garllck  smelL  Several 
varieties  of  rhombohedral  Lime-haloide,  of  prismatic  Hal- 
baryte,  of  prismatoidal  Gypsum-haloide,  ftc,  if  rubbed  with 
hard  substances,  emit  an  empyreumatic  odour ;  pebbles  of 
rhombohedral  Quartz,  and  other  hard  bodies,  if  rubbed 
against  each  other.  Several  Resins  produce  a  peculiar 
odour,  if  rubbed  against  soft  substances. 

Certain  spedes  of  Gas,  of  expandble  Adds,  poaaeas  a 
peculiar  kind  of  odour  t  that  of  rotten  cggp,  of  rotten  fish, 
of  binning  sulphur,  &c. 

Besides  the  characters  treated  of  till  iiow,  there  are  still 
some  more  phenomena  which  have  been  empkjed  ts  audi, 
by  mineralogists.  Among  these,  the  A4hesioH  le  the  umgue 
is  almost  exdusively  met  with  in  dfcompoeed  minexals; 
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the  Uncitunu  and  Meagre  IohcA  are  lued  for  distiDguiahiiig 
certain  firiaUe  mineralst  and  the  Photphoreeeence'pro&aced  hj 
heat,  is  ako  employed  in  thoae  minerals  in  which  the  natural* 
historical  properties  properlj  so  called  are  not  obaervablew 
It  would  be  superfluous  to  dwell  any  longer  upon  these 
subjects ;  the  more  so  since  eveiy  Treatise  on  Mineralogy 
may  be  consulted  for  all  their  partlculanu 
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PART  II. 

THEORY  OF  THE  SYSTEM. 

§.  214.   IDENTITY. 

Natural  productions,  which  do  not  differ  from 
each  other  in  any  of  their  natural-historical  proper- 
ties, are  identical  (§.  14.). 

This  pTopodtion  is  self-evident ;  and  it  is  the  foundation 
of  the  whole  Theory  of  the  S3r8tem  in  Natural  HisUny. 

"By  considering  in  this  science  two  bodies  as  Uenikal^  it 
is  meant  that  everj  one  of  them  may  be  substituted  in  the 
place  of  the  other  in  every  natural-historical  respect ;  so 
that  if  the  onebdongs  to  a  certain  class,  to  a  certain  order, 
genus,  or  species,  the  other  likewise  must  necessarily  belong 
to  the  same  class,  to  the  same  order,  genus,  and  species. 

In  considering  the  identity  of  two  bodies,  we  must  ab- 
stract all  accidental  differences  (§.  26.).  Such  are,  besides 
the  size  of  crystals,  also  the  disproportionate  enlargement 
of  some  of  their  &ces  (§.  159.),  their  junction  with  other 
individuals,  their  being  implanted  or  Imbedded,  &c  Indi- 
viduals, which  differ  only  in  properties  of  this  kind,  must 
be  taken  for  identical  ones,  as  well  as  those  which  agree 
^  also  in  respect  to  these  accidental  circumstances. 

§•  S15.  DIFFEAEMCE. 

Individuals,  which  do  not  agree  in  all  their  na- 
tural-historical properties,  are  not  identicaL 

• 

This  proposition  is  an  immediate  consequence  of  the 

preceding  one. 

If  two  individuals  agree  in  every  one  of  their  properties, 

except  in  their  crystalline  form,  or  in  colour^  or  in  faardnen, 
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or  in  ipedflc  gntvity,  &&,  so  as  to  dx£fer  only  In  one  of  these 
properties,  neyertheleas  thej  will  not  be  identicsL  For 
the  above  mentioned  properties  are  natural-historical  ones, 
and  upon  these  depends  their  identity  or  their  di£ferenoe 
(§.  214.).  Hence  the  difibrence  among  individuala  may  be 
produced  bj  a  di£feience,  however  small,  in  any  one  of  their 
natural-historical  properties;  and  in  thia  case,  from  the 
one  nothing  can  be  argued  in  respect  to  the  other.  It  is 
almost  superfluous  to  observe,  that  accidental  differences 
also  in  the  present  place  cannot  have  any  influence  upon 
the  difference  or  identity  of  bodies. 

The  Natural  History  of  the  Mineral  Kingdom  does  not 
require  any  foreign  asostance  for  determining  what  is  acci- 
dental or  not,  and  agrees  in  this  respect  with  the  Natural 
History  of  the  Y^etable  and  of  the  Animal  Kingdoms. 

§.  216.   DBGBESS  OF  DIFFE&ENCE. 

The  difference  among  those  individuals  which 
are  not  identical  (§•  315.),  does  not  everywhere 
take  place  in  the  sajne  degree. 

Suppose  two  crystals  of  dodecahedral  Garnet,  to  agree 
in  all  their  natural-historical  properties  except  in  their 
crystalUne  forms ;  the  form  of  the  one  being  the  dodecahe- 
dron, while  that  of  the  other  is  a  digrammic  tetragonal- 
icositetrahedron.  These  individuals  are  evidently  different. 
Now,  suppose  one  of  those  crystals  again,  to  be  compared  with 
a  ciysta]  of  hexahedral  Gold.  There  is  also  a  difference  be- 
tween these  two  individuals ;  and  nobody  will  hesitate  in 
pronouncing  the  degree  of  difference  in  the  latter  case  to 
be  hi^er  than  that  in  the  preceding  one;  even  though 
the  form  of  the  crystal  of  hexahedral  Gold  should  be  exact- 
ly  the  same  as  that  of  the  crystal  of  dodecahedral  Garnet 
Many  examples  of  this  land  might  be  quoted,  which  indubit- 
ably demonstrate  the  degrees  of  difference  not  to  be  the  same 
in  every  two  different  individuals.  We  may  very  easily 
perceive  what  influence  this  must  have  upon  the  further 
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coiisidenitiiNi  of  minend  productioiu,  aid  wku  wooU  be 
the  eonsequenoe  i^  on  the  contnuy,  we  riunild  meet  ewery* 
where  with  exactly  the  same  degrees  of  dififerenoCi 

These  degrees  of  difference  most  not  be  Tdued  aeoQid- 
ing  to  the  number  or  the  kmd  of  properties  in  whidi  those 
individuals  differ  which  are  not  identicaL  They  depend 
rather  upon  certain  relations  of  theae  properUea  with  each 
other,  which  will  be  explained  afterwaid&  A  dTStal  of 
hexahedral  Iixm-pjrites  is  much  move  dlflfeteut  firsm  a 
crystal  of  prismatic  Iroo-pjiites,  though  they  diould  ex* 
actly  agree  in  every  property  except  in  the  fbrm,  and  iriuit 
depends  upon  it,  than  one  crystal  of  xhombobednl  Conm* 
dum,  of  the  variety  caUed  Sapphire,  fiom  another  of  the 
same  species  called  Adamantine  spar.  And  yet  the  finrm 
of  the  first  is  an  isosceles  six-sided  pyiamid,  that  of  the 
other  a  regular  six-sided  prism.  The  first  presents  almost 
no  trace  of  cleavage,  while  the  other  deaves  very  eaaly 
parallel  to  the  fiices  of  a  rhombohedron :  they  differ  more- 
over in  colour,  in  transparency,  and  in  numy  other  charac- 
ters. Such  examples  are  common;  and  whoever  thetelbre 
would  determine  the  dqp:ees  of  the  naturaUiistorical  affi* 
nity  according  to  the  number,  or  even  to  the  kind  of  pro- 
perties not  agreeing,  considering  the  one  as  more  essential 
than  the  other,  would  act  contrary  to  the  prindplw  of 
Natural  History. 

If  it  were  possible  to  invent  a  scale  fiir  measurhsig  with 
accuracy  the  degrees  of  difierenoe  among  the  non-identical 
individuals,  this  would  afford  most  usefiil  assistance  in  das- 
stfying  the  productions  of  inorganic  nature.  But  there 
exists  no  such  scale*  We  must  contrive,  tfaerefiire,  to  col- 
lect several  of  the  non-identical  individuals,  adapted  to  this 
purpose  in  req)ect  to  their  properties,  and  lo  Mug  fften 
mnder  ^  idea  of  idewtUy  (§.  214>  This  will  enable  ns  to 
extend  the  inferences  which  may  be  drawn  finom  identi* 
cal  individuals,  to  such  as  by  themselves  do  not  exaetfy 
agree  in  all  their  properties.  Without  this  process  of  ex« 
tending  the  idea  of  identity,  it  would  be  in^oasible  to 
derive  &om  it  a  sufficiently  useful  employment  In  Natural 


§•  X17.  THEO&T  OF  THE  SYSTEM.  817 

Bh^Uttf*    In  order  to  e€Rict  this,  however,  tome  prepuu-   ^ 
tkiis  will  be  neeesnrj* 

§.   817.    MUTUAL   ESLATIOK8   OF   THE   KATURAL- 
HI8TOEICAL  PEOPEETIE8  IN  CBETAIN  INDIVIDUALS. 

Individuals,  which  are  different  from  each  other 
in  thdr  natural-histcHical  properties,  so  that  thdr 
differences  constitute  members  of  one  and  the  same 
series,  may  thoroughly  agree  with  each  other  in 
the  rest  of  their  properties. 

Among  the  different  cases  comprised  under  this  head, 
there  is  one  more  lemaikable  than  the  rest,  if  the  differ, 
ences  of  the  individuals  consbt  in  the  forms,  and  if  these 
forms  are  members  of  a  series.  It  deserves  to  he  considered 
more  in  particular,  mnce  all  the  others  may  very  easily  be 
explained  upon  a  similar  principle. 

Experience  confirms,  in  numerous  examples,  that  forms, 
which  are  different  members  of  the  same  series^  may,  in 
other  respects,  possess  properties  entirely  equal  and  similar. 
A  demonstration,  however,  may  be  given  of  this  proposition 
with  more  generality,  and  which  therefore  will  receive  a 
greater  degree  of  evidence  than  that  which  it  could  acquire 
by  any  number  or  description  of  examples  quoted. 

It  has  been  observed  above  (§.  139.),  that  such  forms, 
as  are  members  of  one  series,  may  enter  into  combina« 
tion  with  each  other,  and  inversely,  that  aU  the  combina- 
tions produced  by  nature  contain  only  such  simple  forms 
as  belong  to,  or  represent  members  of^  one  and  the  same 
series. 

An  individual  appearing  in  a  compound  form,  appears  at 
the  same  time  in  as  many  simple  forms  as  the  combina* 
tion  contains ;  and,  in  respect  to  these,  it  may  be  consi* 
dered  as  representing  as  many  individiuds  at  a  time  (§.  138.). 
But  with  evezy  one  of  these  simjile  forms  we  find  connected 
the  rest  of  the  natural-historical  properties  of  the  individual 
under  considentioxk  These  assemblages  of  properties  repre- 


S18  THEORY  OF  THE  SYSTEM.  •  §.  218. 

.  sent  indiyiduah, .which,  in  so  fiaras  their  finrms aie membeis 
of  tb»  same  series,  differ  onlj  to  these,  and  in  none  of  their 
other  properties.  Every  combination  occurring  in  nature 
conflrmsy  therefore,  the  above  propositbn ;  and  if  we  aie 
capable  of  deriving  useful  arguments  firom  it,  these  will 
be  perfectly  general,  on  account  of  the  perfect  generalitj 
of  the  laws  according  to  which  combinations  are  fanned 
(g.  139. 140.). 

The  preceding  observations  are  not  limited  to  the  series 
of  crystallisation ;  but  thej  extend  to  every  natural-histo- 
rical property,  by  the  differences  or  gradations  of  which 
series  are  produced.  It  applies,  however,  equally  to  any  na- 
tural-historical property  whatever:  their  giadationa  may 
produce  series  or  not ;  because  those  which  give  no  series 
at  all,  or  at  least  not  in  every  instance,  may  yet  be  consi- 
dered as  series  of  equal  members.  In  the  present  inquiry 
the  series  of  forms  have  been  chosen  by  preference,  because 
they  allow  of  a  mathematical  mode  of  treatment,  and  there- 
fore  impart  a  full  evidence  to  the  arguments  derived  fiom 
them.  Together  with  the  arguments,  also,  this  evidence 
is  transferred  to  other  series  of  properties  treated  in  the 
same  manner. 

§•   SIS.    INDIVIDUALS   BROUGHT  UNDER  THE  IDEA 

OF  IDENTITY. 

Individuals,  whose  forms  are  members  of  a  se- 
ries, their  remaining  natural-historical  properties 
being  entirely  coincident,  may  be  brought  under 
the  idea  of  identity. 

It  cannot  be  liable  to  any  objection,  that  every  indivi- 
dual, not  excepting  those  which  appear  in  compound  forms, 
is  identical  with  itselfl  But  if  in  this  combination  we  al- 
low all  the  simple  forms  to  disappear,  except  one,  and  con- 
tinue this  process  with  every  simple  form  contained  in  the 
combination  {  we  develope  a  series  of  imdMdMalt^  each  of 
which  is  exactly  in  the  same  relation  to  the  idea  of  iden* 
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ttty  as  the  fundamental  individual,  and  which  therefore 
exactly  agree  in  respect  to  this  idea,  although  they  are 
not  abeolutely  identical.  It  is  indifferent  which  of  the 
simple  forms  ve  maj  ascribe  to  the  one  or  to  the  other ; 
and  thus  we  may  arbUrarUy  exchange  thue  firnu  wUk  each 
ifther^  wUhout  in  the  least  altering  any  thing  in  reapect  t9  that 
relation.  Two  or  more  of  these  individuals  become  abso- 
lutely identical  (§.  214.),  if  we  suppose  them  to  possess  one 
and  the  same  form.  Herein  consists  the  process  by  which, 
under  the  supposed  circumstances,  individuals,  though  not 
absolutely  idcsitical,  may  yet  be  brought  under  the  idea 
of  identity. 

I£^  on  the  contrary,  a  number  of  different  individuals  is 
g^ven,  agreeing  in  every  naturaL-historical  property  except 
the  forms  of  crystaUisation,  and  if  these  forms  are  mem- 
ben  of  the  same  series,  we  are  entitled  tp  consider  all 
those  individuals  as  a  tingk  one,  whose  form  is  a  combina- 
tion of  the  different  simple  forms  of  the  single  individuals, 
with  which  the  rest  of  the  properties  exactly  agree.  The 
individual  in  the  compound  form  is  identical  with  itself  and 
the  angle  individuals  contained  in  it  wUl  consequently  be 
in  an  exactly  similar  relation  to  the  idea  of  identity. 
This  proves  that  by  the  above  mentioned  process,  that  is  to 
say,  by  substituting  one  fi>im  instead  of  the  other,  they 
may  be  collected  under  the  idea  of  identity. 

In  order  to  explain  this  by  an  example,  let  us  suppose  a 
crystal  of  octahedral  Fluor-haloide  to  possess  the  form  of 
a  hexahedron.  If  we  substitute  the  octahedron  in  its  stead, 
the  relation  of  the  individual  to  the  idea  of  identity  is 
not  altered,  because  the  two  forms,  the  hexahedron  and 
the  octahedron,  are  members  of  the  same  series  of  crystal- 
lisation. Notwithstanding  this  and  other  similar  substitu- 
tions, the  individual  does  not  cease  to  be  octahedral  Fluor- 
hahnde.  But  if,  instead  of  the  hexahedron,  we  suppose  a 
rhombohedron,  or  any  other  form  not  belonging  to  the 
tessular  system,  to  take  the  place  of  the  hexahedron,  the 
relation  of  the  individual  to  the  idea  of  identity  is  indeed 
altered,  and  it  can  no  longer  be  maintained  that  the  indivi- 
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dual  stinreiiiiiiiaoctahednd  Fluor  Judoide.    For  if  we  nip. 
poie  a  number  of  indiTiduals,  to  agree  vith  e$dk  other  in 
all  thor  properties,  excepting  thor  forma,  theae  however 
not  being  memben  of  the  aame  aeries ;  we  are  not  entitled 
to  qiplj  to  them  the  above  proeeaa  { becauae  the  difTeKBoes 
yriatjng  among  them  cannot  he  lemoved  or  made  to  dis- 
appear bj  the  ideti  o£  m  Mrie%  and  accordingly  the  indi- 
▼iduals  themselves  cannot  be  brought  under  the  idea  of 
identitj.    The  d^ree  of  difference  (§.  316.)  between  sudi 
individuali  is  there&re  much  higher  than  it  would  be^  if 
under  the  same  drcumstaaoea  the  fixrma  were  memberB  of 
the  same  aeries. 

As  an  example  of  the  latter  case,  we  ma j  quote  the  hexa- 
hedral  and  the  prismatic  Iron-pyrites.  There  exist  indivi- 
duals  in  these  two  species  exactly  agreeing  with  eadi  other  m 
everj  one  ef  their  natural-historical  properties,  except  their 
cfTstalline  forms.  But  as  these  fSbma  belong  to  difEerent 
systems,  and  are  therefine  incompatible  with  eadi  other, 
Uie  difference  between  the  individuals  appears  greater  than 
it  would  be,  if  the  forms  diould  bdong  to  the  same  series. 

The  process  explained  in  the  members  of  tiie  aeries  of 
dystalline  Ibrms,  naturally  applies  likewise  to  every  pro- 
perty, from  the  gradual  diffeienees  of  which  series  arise. 
Thus  we  are  provided  with  the  means  of  diicovering  such 
individuals,  as,  though  not  absolutely  identical,  may  yet 
be  brooc^t  under  the  idea  of  identity,  and  of  aeparating 
them  fiom  all  the  rest.  Such  individaals  might  be  col« 
lected  under  particular  ideas ;  but  such  ideas  would  be 
of  little  use,  on  account  of  their  very  limited  application  to 
experience.  Nevertheless  they  lead  the  way  to  that  idea, 
which  it  is  the  particular  deject  of  the  present  inquiry,  to 
develope  according  to  the  prindplee  of  Natural  History. 
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DUALS. 

An  individual  which,  on  account  of  its  fcHrm  and 
the  rest  of  its  natural-historical  properties,  is  a 
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member  of  a  series  of  individuals  (§.  218.),  differ- 
ing in  nothing  but  their  forms,  may  a^  the  same 
time  be  a  member  of  another  series  of  individuals, 
differing  only  in  the  gradations  of  their  colours, 
8ec.,  the  rest  of  the  natural-historical  prop^es 
being  supposed  exactly  to  agree. 

Lot  A,  B,  C,  B,    •    •    . 

represent  a  Sferki  qfln^vidmak^  in  which  the  £inns  and  the 
colours  are  not  yet  determined,  so  that  every  one  of  thoee 
letters  signifies  the  aggr^jate  of  the  remaining  properties, 
whidi  axe  exactly  the  same  in  all  of  them.  Hence  in  this 
respect  they  differ  from  each  other  only  by  their  suoces- 
aioo,  that  is  to  mj,,  by  their  not  being  one  and  the  same 
thing.  Suppose,  now,  ereiy  individual  to  have  the  same 
colour  a,  but  different  forms,  without  the  latter  of  which 
they  would  not  be  different  individuals.  According  to  our 
•uppoeitian,  these  forms  must  be  members  of  the  same  se- 
ries, and  may  therefore  be  expressed  by 

x,x  +  i,  x  +  a,X  +  », 

where  X  may  denote  any  ftindamental  fimn  whatever. 
The  designation  of  the  series  of  individuals,  as  above,  only 
jncluding  their  forms  and  colours,  will  therefore  be 
I.  A«a.X;  B.a.(X  +  l);  C.a.(X  +  2};  D.a.(X+3);... 
A  fragment  of  another  series  of  individuals  may,  under 
the  same  restrictions  as  those  mentioned  above,  be  desig- 
nated by 

:  .  •  F,  Q,  ^  0,  •  •  ^ 
P,  Q,  B,  &c  bdng  similsr  aggregates  ci  properties,  as 
A,  B,  C,  Sec  in  the  preceding  series.  Suppose  the  differ- 
ence among  the  in$vidna}s  to  consist  oi)ly  in  thdr  colours, 
which,  according  to  the  supposition,  are  members  of  one 
series  of  colours.    The  colours  of  the  individuals 

...  D,  c,  Q,  e,  •  .  • 
which  represent  members  of  a  series  of  ooloun,  may  be 
joined  to  a  foim  X  +  n,  common  to  them  all,  and  to  the 
above  mentioned  aggr^tes,  so  that  the  entire  designation 

VOL.  I.  X 
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of  the  series  of  individuab,  eTery  property  being  taken 
into  considention,  becomes 

11.  .  .  .  P.  b.  (X  +  n) ;  Q.  c.  (X  +  n);   R.  d.  (X  +  n)  ; 
S.  e.  (X  +  n) ;  .  .  . 

The  individual  connecting  the  two  series,  or  that  which 
at  the  isame  time  is  a  member  of  the  series  L  and  a  mem- 
ber of  the  series  II. ;  must  necessarily  possess  the  form 
(X  +  n)  and  the  colour  a,  the  rest  of  its  properties  coincid- 
ing exactly  with  those  of  the  two  series.  I^  for  the  indi- 
vidual above  mentioned,  we  designate  that  aggregate  by  N, 
the  individual  Itself  will  be : 

N.  a.  (X  +  ny 
For  under  these  drcumstanoes  its  properties,  excepting 
the  form,  agree  entirely  with  those  of  series  I. ;  and  this 
Ibrm  is  a  member  of  the  series  X,  X  +  1,  &c. ;  whilst  in 
the  same  manner,  excepting  its  colour,  it  agrees  exactly 
with  series  II. ;  its  colour  being  a  member  of  the  series 
b,  c,  .  •  . 

We  are  led  by  experience  to  assume  such  relations  as 
those  mentioned  above.  Suppose,  for  instance,  A,  B,  C,  ... 
P,  Q,  R, ...  in  the  above  signification  of  the  letters,  to  be 
varieties  of  octahedral  Fluor-haloide.  Let  the  members 
of  the  series  of  forms  in  I.  be  *  the  dodecahedron  (D),  the 
octahedron  (O),  a  digrammic  tetragonal-icoatetrahedron 
(I),  a  tetraconta-octahedron  (T)  ...  and  the  colour  grass- 
green  (gg)  ;  the  series  of  individuals  will  be 

A.gg.O;  B.gg.D;   Cgg.I;   D.gg.T  .  .  . 

In  the  series  II.  the  series  of  colours  may  be  apple- 
green  (ag),  mountain-green  (mg),  verdigris-green  (vg),  sky- 
blue  (sb)...  and  their  form  the  hexahedron  (H) ;  the  series 
of  individuals  therefore 

.  .  .  P.  ag.  H ;  Q.  mg.  H ;  R.  vg.  H ;  S.  sb.  H  .  .  . 

The  above  mentioned  forms  and  colours  have  not  only 


•^  We  may  choose  whatever  forms  of  the  series  of  ctys- 
tallisation,  and  whatever  varieties  of  the  series  of  colours 
of  octahedral  Fluor-haloide ;  we  shall  always  derive  the 
same  results. 
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been  really  observed  in  octahedral  Fluor-haloide,  and  ac- 
knowledged as  members  of  their  respective  series ;  but  we 
know  also,  from  §.  218.,  that  without  in  the  least  affecting 
the  rektion  to  the  idea  of  identity,  they  may  arbitrarily  be 
exchanged  with  each  other,  and  that  we  were  even  entitled  to 
produce  or  tuppate  the  members  of  the  two  series  I.  and  II. 
if  we  had  not  had  any  occasion  of  observing  them  in  nature. 
The  individual,  whose  remaining  quality  is  expressed  by  N, 
becomes  thus  as  N.  gg.  H  $  and  this  likewise  is  either  an 
object  of  our  immediate  observation,  or  it  may  be  produ- 
ced by  connecting  single  observations.*  Thus  experience 
confirms  to  its  full  extent,  that  several  series  of  individuals 
may  be  connected  with  each  other  in  the  manner  described. 

An  individual  N.  y.  (X  +  n),  can  therefore  be  at  the 
same  time  a  member  of  two  different  series,  only  under  the 
following  conditions.  Those  of  its  properties  which  have  not 
been  mentioned  by  name,  and  which  are  here  expressed  by 
N,  must  agree  with  the  properties  analogous  to  them  in  the 
two  series ;  and  those  which  have  been  named  (in  the  pre- 
ceding case,  forms,  and  colours),  must  be  members  of  the 
respective  series,  produced  by  the  properties  in  the  two 
series  of  individuals.  Under  these  circumstances,  N.  y. 
(X  +  n)  may  be  brought  under  the  notion  of  identity 
(§.  218.)  with  the  members  of  the  first,  but  at  the  same 
time  also  with  the  members  of  the  second  series.  From 
this  we  draw  the  inference,  that  oil  the  members  of  one  of 
these  series  may  be  brought  under  the  idea  of  identity^  vith  aU 
the  members  qf  the  other* 

If  we  continue  this  process,  and  extend  it  upon  aU  those 
properties  which  form  series  by  their  gradations,  we  may  in- 
clude the  assemblage  of  all  those  individuals,  which,  notwith. 
standing  their  differences,  may  yet  be  brought  under  the  idea 
of  identity.  At  the  same  time  those  individuals  which  do 
not  allow  the  process  to  be  applied  to  them,  are  excluded 


••  <• 


*  It  is  evident,  that  if  it  be  found  necessary  thus  to  ob- 
tain a  determined  object,  the  individuals  of  every  well  de- 
termined natural-historical  species  may  serve  as  examples. 
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wilh  peffiBct  distinctneM  and  aocuzMj.  An  aasemUi^  of 
indiTiduab  fonned  in  this  way  does  not  contain  any  thing 
ioaagikf  noi  does  it  want  any  thing  capable  of  being  united 
with  it  on  account  of  its  natuial-hiatorical  properties. 

§.  220.   8PECUC8. 

An  assemblage  of  individuals,  brought  under  the 
idea  of  identity  by  the  jxtx^ess  of  §.  219.9  ^  term- 
ed a  Species  ;  and  the  individuals  belonging  to  it 
are  homogeneous  individuals. 

This  is  the  pure  natural-historical  and  inTariable  idea 
of  the  species  in  the  Mineral  Kingdom.  The  series  of 
characters  do  not  every  one  of  them  allow  of  a  mathemati- 
cal treatment.  This,  however,  has  no  influence  upon  their 
application  for  producing  the  idea  of  the  natural-historical 
species ;  and  nothing  is  lost  of  the  peculiar  evidence  of  this 
idea,  which  immediately  flows  from  the  mode  of  its  forma- 
tion (§.  218.  219.)-  Under  these  circumstances,  the  idea  of 
the  species  is  capable  of  becoming  a  certain  foundation  to 
the  whole  scientific  Mineralogy ;  it  must  likewise  be  the 
fixed  point,  from  which  every  inquiij  has  to  start,  whose 
olject  it  is  to  procure  some  knowledge  of  the  productions 
of  the  Mineral  Kingdom,  of  whatever  kind  this  knowledge 
may  be,  if  we  wish  to  preserve  a  certain  unity  in  the 
acquirement  of  our  information. 

We  must  not  pass  over  umiotioed  anj  of  the  series,  in 
short  none  of  the  natural-historical  properties,  in  pro- 
ducing the  idea  of  the  natural-historiod  species;  be- 
cause this  would  render  the  idea  itself  incomplete ;  the 
variety  of  natuiA  could  not  be  explained  sufficiently  and 
to  its  full  extedt,  nor  could  it  be  demonstrated,  by  a  ge- 
neral devdopement,  that  we  art  reaUy  emtHled  to  eoiuidcr 
etriain  M|tt  under  ihe  required  circunuiancei^  at  bdot^ing  to 
one  and  ^igmhe  tpecke^  aUhongh  they  d^tr  in  their  natural* 
historical  pr^pfirtiet ;  and  this  nevertiieless  is  the  very  pro- 
position which  was  to  be  proved  by  the  preceding  consi- 
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derations.  It  would  be  contrary  to  the  prindi»lefl  of  Na- 
tural History,  to  determine  tibe  idea  of  the  species  ac« 
cording  to  iUigie  properties,  of  whatever  kind  these  may 
be.  An  idea  thus  determined  is  nof  scientific,  and  cannot 
be  but  Incompleteb  It  will  never  be  found  sufficient  in  its 
application,  and  thus  open  the  way  to  the  introduction  of 
other  considerations,  foreign  to  Natural  History,  in  pro- 
ducing the  idea  of  the  spedee.  This  has  been  the  source 
of  the  contamination  which  the  science  has  sufieced  through 
the  introduction  of  heterogeneous  principles)  the  dissgree- 
able  consequences  of  which  hare  long  ago  been  sufficiently 
conspicuous.  Mcxeover,  the  determination,  according  to 
nngle  characters,  will  unavoidably  introduce  a  distinction 
among  eaentidl  and  iweUmUU  properties,  which  cannot  be 
allowed  to  take  (dace,  either  in  developing  the  idea  of 
the  species,  or  in  consideriBg  t^  identity  of  iadividuab 
<§.  216.> 

The  species  itself  is  the  proper  dject  of  dissification,  or 
the  thing  which  is  to  be  classified.  The  idea  of  the  spe- 
cies, therefore,  cannot  be  produced  by  the  classification, 
as  some  naturalists  seem  to  believe,  who  begin  and  termi- 
nate  their  dassification,  without  previously  having  pro- 
duced the  idea  of  the  species.  This  idea  is  constant  every- 
where, in  all  scienoes,  concerning  the  productions  of  the 
Mineral  Kingdom ;  and  it  must  be  the^foundation  of  every 
system,  whatever  may  be  the  principles  followed  in  its 
construction.  The  correct  determination  of  the  natural- 
historical  spedes  thus  appears  to  be  of  the  greatest  mo- 
ment in  the  Mineral  Kingdom. 


§.SS1.   TEAK8ITIOK8. 

The  prepress  of  the  gndatioiis  in  the  properties 
cf  homogeneous  individuals  is  termed  a  TransUion 
or  Passage ;  and  we  say  of  individuab,  in  which 
such  a  progress  may  be  demonstrated,  that  they  pass 
mto  each  other. 
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The  tniultions  arise  from  the  series  of  chsncters.  Simpte 
tnnntions  take  place  onlj  in  one  character,  compound  irana- 
tions  in  more  than  one  diaracter  at  the  same  time.  The 
simple  transitions  are  verj  evident,  but  companitively  nure. 
The  compound  ones  are  more  common,  but  they  must  \»M* 
lowed  up  in  every  simple  transition  of  which  they  consist, 
if  we  wish  to  draw  consequences  upon  which  we  may  rely. 
This  is  effected  by  supposing  the  differences  in  all  die  pro- 
perties to  disappear,  except  in  the  single  one,  in  which  the 
transition  is  to  be  conaiderBd*  If  these  differences  consti- 
tute members  of  one  and  the  same  series,  there  exists  .a 
transition  in  this  property ;  if  they  cannot  be  joined  in  one 
omd  ffte  jwne  aeries,  weare  notoititled  to  assuipe  a  tnmaition. 
After  having  thus  followed  up  and  demonstrated  the  simple 
transitums  in  evexy  one  of  those  properties  which  present 
differences  in  a  number  of  individuals,  we  may  consider 
the  compound  transition,  with  the  greatest  security,  as 
really  existing,  and  the  individuals  themselves  as  passing 
into  each  other. 

§.  2S2.   HOHOOBNEXTY  FEOM  THE  TEANSITIOKS. 

Individuals,  connected  by  transitions^  are  homo- 
gcneousy  or  belong  to  one  and  the  same  species. 

A  transition  .in  a  angle  character,  for  instance  in  the 
forms  of  crystallisation,  arises,  if  these  forms  of  the  indi- 
viduals are  members  of  the  same  series  of  crystallisation^ 
all  the  remaining  properties  being  equaL  Under  these  cir- 
cumstances the  individuals  are  homogeneous. 

The  colours  form  a  transition,  if,  in  several  individuals, 
exactly  agreeing  in  the  rest  of  their  characters,  they  repre- 
sent members  of  the  same  series  of  colours.  But  in  this 
case  again  the  individuals  are  homogeneous. 

Hence  the  individuals  also  are  homogeneou8,'if  they  are 
joined  by  compound  transitions. 

It  is  not  necessaiy  that  tlie  members  of  the  series  tS 
crystallisation  representing  the  transition,  be  such  as  im- 
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'  mediately  follow  each  other,  or  produce  among  themselves 
a  coherent  fragment  of  the  series.  Thus,  not  only  B, 
B  +  1,  R  +  2  ...  but  also  It  ...  B  +  n  ...  (P  +  n)"  ... 
B  +  09  will  answer  the  idea  of  what  is  meant  by  a  transit 
tion.  It  is  the  same  with  the  transitions  in  any  other  se- 
ries, for  instance,  in  the  shades  of  colour,  Ac. ;  though  in 
these  it  must  be  applied  with  the  necessary  degree  of  cir- 
cumspection. In  the  forms  of  crystallisation,  this  like- 
wise becomes  necessary  in  respect  to  limiting  forms,  since 
these  are  common  to  some  of  the  series,  in  some  cases  even 
to  all  the  series  of  the  same  system  of  crystallisation. 

Transitions  exist  only  within  the  species,  as  it  evidently 
£>llows  from  the  preceding  considerations ;  hence  Ihere  eon 
"be  no  f rofwiiion  from  one  species  into  another. 

Many  examples  of  this  kind  of  tranmtions  may  be  found, 
not  in  nature,  but  in  several  mineralogical  books.  Of 
these  it  may  be  maintained,  that  wherever  the  transition  is 
correct,  the  determination  of  the  species  is  erroneous,  and 
vkeverta^  that  the  tranrition  is  fidsely  stated,  if  the  de. 
termination  of  the  species  be  correct. 

From  the  continuity  of  the  transitions,  or  of  the  series 
of  characters  from  which  they  depend,  we  may  infer,  that 
there  is  a  remarkable  connexion  within  the  natural-histori- 
cal species,  by  which  all  the  difierences  occurring  in  its  in. 
dividuals  may  be  joined  into  a  whole.  Thus  we  become 
capable  of  comprehending  the  variety  of  inovganic  nature. 
For  the  very  same  reason  also,  it  is  contrary  to  the  real 
interest  of  Mineralogy  to  divide  or  subdivide  the  spedes, 
«id  to  distinguish  sub-species  and  kinds.  The  purpose  of 
such  divisions  is  to  fiudlitate  the  general  survey  of  the 
species ;  but  this  indeed  would  rather  be  assisted  by  establish- 
ing the  connexion  between  its  individuals,  if  this  should 
happen  to  be  still  wanting,  than  by  such  di  visions,  which 
render  it  less  evident. 

With  those  divisions  into  sub-species  and  kinds,  which 
have  hitherto  been  in  use,  it  has  very  often  been  the  case, 
that  an  individual  was  really  found  to  belong  to  the  spedes, 
and  yet  to  none  of  its  sub-species.    This  has  been  the  con* 
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sequence  of  the  divisioia  not  having  heen  effected  in  a 
single  series  of  chancten,  but  in  several  series  at  once. 

Let  the  forms  of  sevend  individuals  in  a  species  be  re. 
presented  bj  R,  R  +  1  ... ;  their  coloiirB  by  a,  a' ... ;  the 
rest  of  those  chancten  which  produce  series  by  p^  pf ... ; 
the  individuds  themselves  will  be  represented  by  the  fol- 
lowintg  sggr^tes : 

R;  R  +  l{  R-l-S;  R  +  3... 

a  a'  a"  a'*  ... 

p  p'  p"  p^  ... 

If  we  divide  here  only  in  tiie  series  of  tiie  finmsy  so  as 
to  tscribe  tiie  membMs  It  and  R  +  1  to  the  fiist  divisioa 
or  sub-species,  R  4-  S  unA  R  +  S  to  the  second,  the  in- 
dividuals unitingthe  rest  of  the  cfaaiactets  will  fiOl  either 
in  the  ftrst  or  in  the  second  of  tliese  divisions.  But 
if  the  division  at  the  SMue  time  extends  to  the  co- 
lourS)  and  detenainesy  diat  besides  tiie  mentioned  ftrms, 
the  fixst  sub-species  Aould  be  of  tiie  cohmrs  a  and  a'; 
the  second,  besides  its  peculisr  fanus,  of  the  colouts  a* 
anda"^;  all  the  compositions  lte(R  +  l>a^  (R+2>af 
wiH  not  belnsg  to  any  one  of  those  divisions,  although 
thej  occur  as  genenlly  in  the  species  as  any  one  of 
those  contained  in  the  two  sub-flpedes.  Mmoj  divisions 
are  found  in  nrineralogioal  worin,  of  the  description 
above  mentioned.  These  divisions  wkUn  the  species, 
in  whatever  diaiacter  they  may  be  effected,  must  always 
remain  entirely  arbitraiy,  and  «n  this  accooBt  tiiey  never 
wfll  be  ummimoosly  received.  It  is  much  more  use&d  to 
suppress  them  altogethtf  ,  which  is  the  pian  adopted  in  the 
coune  of  this  work.* 


*  The  application  of  Mineralogy  to  the  olgects  of  eveiy 
day*8  occurrence,  may  require  to  give  paithimar  attention 
to  oettam  ^rarietles,  which  iMve  been  employed  in  the  arts, 
aAd  provided  with  partSottlar  names.  This  will  be  proper- 
ly attended  to  in  the  second  volume  of  this  work ;  but  not 
being  of  any  scientific  vidue,  it  is  Foreign  to  our  present 
coutfideratloii. 
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§.  S23.   PRINCIFIiS  OF  CLASSIFICATION. 

The  priodjrfe  of  classification  in  Natural  History 
18  the  Natural-HistoTical  Resemblance. 

Several  bodies  are  similar,  or  reaemble  each  other,  which 
i4^[iroxtinate  more  or  less  in  their  properties;  and  this  re- 
semblance is  the  greater,  the  higher  we  find  the  degree  of 
approxiniation. 

In  Geometry,  simikrity  cooaists  in  the  equalit/  of  the 
relations  among  homogeneous  quantities,  and  allows  of 
ao  vaziation.  The  idea  of  dmikrit  j  in  Natural  History 
18  not  so  no^le ;  it  cannot  be  expressed  by  a  single  ratio, 
becanae  haie  a  great  many  propertieB  must  be  taken  into 
consideffaliDn*  It  reeeiFes  a  certain  latitade,  in  which 
there  may  ooeur  same  vaxiatton.  Tins,  however,  has  no 
pv^udicbl  influence,  either  upon  its  evidence,  or  upon 
ila  applicabiltty.  Ob  the  contrary^  if  we  ap^y  this  idea 
of  aiasilarity  to  nature,  we  find  that  tmfy  omiHg  io  the  greater 
emtetU  ascribed  to  it  in  a  natural-historical  consideration, 
U  is  capable  of  ItAng  ihc  pHndpfe  qf  ckuti/laUkm  in  NtOural 
HUtory* 

It  is  not  difficult  co  dedde  the  question,  whether  or  not 
the  naturalJiistorieal  resemblance  should  be  fised  upon  as 
the  principle  of  classification  in  Natural  History.  In  every 
sdence  the  cUasification  must  rest  upon  such  relations  as  are 
oliJects  of  the  science,  and  therefore  it  must  represent  nature 
according  to  the  image  expressed  by  these  relations.  Nato- ' 
ral  History  refers  to  none  but  the  natural-historical  proper- 
ties ;  hence  the  approximation  of  heterogeneous  bodies  in 
these  properties,  or  the  nBtural4iifltorical  resemblanoe,  is  the 
only  relation  expressed  among  or  by  means  of  the  produc- 
tions of  nature.  For  this  reason  Natural  fiistory  Ufirced^ 
not  only  to  vpgLy  tliis  resemblance  as  its  principle  of  chusifi- 
caUon,  but  also  carefully  to  explain  and  illustrate  it,  in  order 
to  render  the  classification  a  true  and  sufficient  representa- 
tion of  nature.  In  this  req;iect  a  classification  may  be  called 
naturaU    The  organic  kingdoms  of  nature  have  always  had 
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the  adFantage  of  aimilar  cLuBiAcaUoiu,  and  thoee  deptrt- 
ments  of  Natural  History  which  refer  to  them,  have  long 
ai(o  made  a  scientific  progress.  In  the  Hinenl  iTiwy^^FFyt 
unfortunately,  a  different  way  has  been  proceeded  upon; 
and  as  a  sdenoe,  the  Natural  History  <^  the  l^flneral  King- 
dom has  not  been  fffomoted. 

In  the  Natural  History  of  the  lifineral  Kingdom,  the 
classifiable  objects  are  not  the  indiTiduals  of  this  kingdom ; 
but  according  to  the  preceding  inquiries,  the  natuxal-lusto- 
rkal  species  (§.  220.).     The  natural-historical  nsemblance 
has  therefore  nothing  to  do  with  individuals.    These,  in- 
deed, notwithstanding  their  homogeneity,  bear  in  many 
instances  so  little  resemblance  to  each  other,  that  aooord- 
ing  to  the  principle  of  similarity,  they  rather  should  be 
divided  than  joined.  It  becomes  necessary  indeed  to  demon- 
strate their  connexion  by  means  of  the  transitions,  that 
is  to  say,  by  oonndering  their  series  of  charactera,  in  order 
to  convince  ourselves  of  their  homogeneity.    Hence  the 
two  ideas  of  Ruemhkmee  and  of  Hamogeneitjf  are  essentially 
different,  and  the  former  is  not  a  higher  degree,  or  a  nearer 
lestrictioa  of  the  latter.    We  must  carefiilly  avoid  con- 
founding  them  with  each  other.    In  another  science,  refer- 
ring to  the  Mineral  Kingdom,  another  piindjile  of  classi- 
fication may  replace  the  natural«historical  resemblance  ; 
but  there  is  not  another  idea  wluch  can  be  substituted  for 
that  of  homogendty. 

§.  S24.    DSOBEES  OF  NATURAL-HISTOEICAL  EE8EM- 

BLANCE. 

The  d^rees  of  Datural-historical  resemblanoe 
in  different  species,  are  not  everywhere  the  same. 

If  we  consider  the  species  as  unities  to  be  cbussified,  and 
compare  them  with  each  other  in  respect  to  their  natural- 
historical  properties  $  we  perceive  that  some  of  them  are 
more,  some  of  them  less  allied  to  each  other  in  resemblance. 
Thus  hezahedral  Iron-pyrites  is  more  similar  to  prismatic 
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Iron-pjriteBy  than  to  xbombohednl  Lime-haloide!.  The 
latter  apedes  again  is  more  aimilar  to  the  rest  of  tlie  Lime. 
haloidea,  than  to  piismatic  FekUspar,  or  to  rhombohedral 
Corundmn,  &c. 

This  relation  of  similarit j  is  not  unavoidably  neoeasarj. 
One  of  the  apedea,  for  instance,  might  present  the  aame  de- 
gree of  resemblance  to  eTei7  one  of  the  others,  and  vice 
venag  so  that  among  these  Bpeaet  there  could  not  be  per- 
eeired  even  the  oonsecutiFe  order  of  series.  As  there  reallj 
exist  several  species,  among  which  this  is  the  case,  the  same 
might  occur  among  alL  This  would  not  limit  the  variety 
of  nature,  although  that  variety  would  then  appear  under 
a  diffisrent  fiimu 

On  the  other  hand,  the  relation  of  similarity  mi|^t  be 
found  different  in  every  particular  case;  so  that  if  we 
would  suppose  a  cerUun  species  to  bear  a  certain  degree  of 
resemblance  to  another,  a  second  one  could  not  be  found, 
among  which  and  the  first,  the  same  degree  of  resem« 
blance  would  prevaiL  The  conaequenoe  of  this  would  be 
the  impossibility  of  producing  any  other  arrangement  among 
the  species  than  that  of  a  series,  in  which  they  would  fbl. 
low  each  other  according  to  their  difieient  degrees  of  re- 
semblance. 

A  single  glance  at  the  species  of  the  Mineral  Kingdom, 
and  at  the  above  eranyles,  will  suffice  to  shew,  that  nei- 
ther of  these  two  suppositions  takes  place  in  nature.  •  There 
exist,  difierent  degrees  of  resemblance,  by  which  a  series 
may  be  produced,  but  not  a  series  of  the  single  spedes. 

The  different  degrees  of  resemblance^lay  the  foundation 
for  the  hi^er  ideaa  of  the  Theory  of  the  System;  that 
18  to  say,  for  the  ideas  of  dassifiGatton. 

§.  S26.  GEKIT8. 

An  assemblage  of  species,  connected  by  the  high- 
est degree  of  natural-historical  resemblance,  is 
termed  a  Genw. 
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The  genus  k  the  leKmhlmoe  of  diffistent  ^edes  ef  bo- 
dies. In  Botany,  this  idea  is  commoolj  liaiited  to  the 
similar  formation  of  tiie  orgaas  of  fructuficaiian.  In  Mi- 
neralogy, such  a  restriction  is  impossilile,  beeauae  the  pro- 
ductions of  the  Mmeral  Kingdom  do  not  peesent  anj  parts, 
diflferent  in  the  same  manner  from  the  rest,  as  is  the  ease 
in  plants.  But  even  supposuig  their  eriatftice,  Mhiera- 
logy  will  not  admit  of  an  j  sadi  restriction^  on  account  of 
the  necessity  to  pimcive  the  idea  of  tiie  species  in  its 
origimd  genottlity,  which  admits  of  no  exceptions,  devia- 
Uons,  or  ambiguities,  necessarily  connected  with  a  lestric- 
tion  to  single  duuncten.  For  the  xest,  the  idea  of  the 
species  in  Mineralogy  is  identical  with  that  in  Botany ; 
and  theote  is  nothing  more  xequired,  but  to  shew  that  it  is 
equally  applkafaie.  Thue  we  shall  find  ousselves  enshkd  to 
employ  it  with  the  same  security  in  the  Mineral  Sii^doffl, 
as  in  the  Vegetable  one. 

The  species  ef  hezafaednd  Inm-pyritai  egsees  so  veiy 
dosety  with  that  of  prismatic  Iron<^yiites  in  every  cham- 
ber, exoept  the  finna,  Umt  but  ftir  this  difieienoe  in  their 
fl^utems  of  ciyatalliaation,  they  would  join  into  one  and  the 
same  spedes.  Tbey  poasem  that  degree  of  resembfamoe 
which  requires  their  union  into  the  same  genus;  a  de- 
gree of  annihaity  expressed  in  the  pvesent  instance  by  the 
peefiKl  agieement  of  all  the  natwial<4iatmn6al  proportaes, 
except  Use  ci!7«talMae  fame.  The  same  d^pcee  of  resem- 
btance  prevails  amoQg  the  two  species  of  Emerdd ;  but 
here,  boide  the  difieieoce  in  the  systems  of  crystallisation, 
there  is  also  a  diffiafence  in  the  specific  gravity.  In  other 
genera,  as,  te  instance,  in  those  of  Garnet,  of  Kouphone- 
Bpar,  and  others,  we  observe  diffiBeenoes  in  many  characters 
at  once ;  and  yet  the  resemblance  is  here  as  great  as  in  the 
above  mentioned  examples  of  Iron-pyrites  and  Emerald ; 
a  resemblance  which  becomes  evident  upon  ocular  in- 
spection, the  only  method  of  asoertainiiig  its  existence. 
The  examples  quoted  prove,  that  there  may  exist  differ- 
ences sometimes  only  in  a  few,  sometimes  in  many  charac- 
ters at  a  time,  without  having  any  influence  upon  the  ie^ 
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gree  of  reacmbknce  itael£  On  this  account  It  becomes  im- 
posnUe  to  exprev  thia  regemblance  bj  the  agreement  in 
one  or  a  certain  number  of  characters.  This  does  not, 
bowerer,  prevent  the  application  of  the  idea  of  the  ge- 
nus to  the  natural  productioiis  altogether ;  for  this  appli- 
cation does  not  pie-suppose  the  idea  to  be  limited  to 
sin^  cfaaracten;  but  it  allows,  and  even  requires,  to 
preserve  it  in  its  fiill  generality.  The  genera  being  thus 
founded  upon  the  resemblance  of  the  species,  as  is  already 
demonstrated  in  JZToologj  and  Botan j,  lender  all  the  seiv 
▼ioes  which  Natural  Historj  possiblj  maj  expect ;  and  the 
same  will  be  likewise  confirmed  by  their  introduction  in  fu- 
ture in  Mineralogy. 

The  natunkUhistoiical  idea  of  the  genus  is  peculiar  to 
Natural  History,  and  is  solely  intended  for  the  purpose  of 
promoting  ihat  science.  Hence  the  natural^historical  ge^ 
nera  must  not  be  compared  with  ideas  of  this  kind  other- 
wise determined ;  not  even  with  those  of  the  same  deno- 
mination, which  have  been  hitherto  applied  in  Minera- 
logy. For,  the  establishment  of  these  genera  is  founded  in 
part  upon  determinative  reasons,  Ibreign  to  Natural  His- 
toxy ;  so  that  the  inferences  drawn  fhom  them  must  be  in- 
consistent with  the  principles  of  that  science,  even  though 
it  were  demonstratod  that  in  every  case  they  correspond 
to  the  naturaUiistorical  resemblance.  Other  sciences  must 
consider  the  natural-historioal  genus  in  the  same  point  of 
view.  In  a  chemical  system  of  minerals,  the  genus  must 
have  a  chemical  foundation.  It  Ib  not  necessary  that  it 
should  agree  with  the  genus  in  Natural  History ;  though 
the  species,  determined  aecording  to  chemical  ideas  in  the 
one,  and  according  to  naturaUhbtorical  ideas  in  the  other 
science,  must  be  identical  in  both  (§.  280.>  The  method 
of  connecting  several  points  of  view  into  a  single  one,  does 
not  promote  the  sciences,  and  gives  full  scope  to  all  sorts 
of  hypotheses.  Diflferent  sciences,  which  refer  to  the  same 
sul^fect,  must  follow  without  deviation  the  course  deter- 
mined by  their  peculiar  principles,  or  they  will  cease  to  be 
different  sciences.    Their  way  will  finally  conveige  in  one 
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great  aim,  whidi  is  the  discovery  of  truth,  peihaps  hidden 
for  ever,  if  we  endeavour  to  arrive  at  it  according  to  an  j 
other  method. 

§.  8S6.  MINERAL  KINGDOM. 

The  Mineral  Kingdom  is  represented  by  a  Se^ 
ries  of  Natural  Historical  Genera, 

The  ol^t  of  mineialog7  in  producing  its  higher  degrees 
of  classification,  is  first,  to  acquire  a  dear  idea  of  the  Mineral 
Kingdom,  which  consists  in  a  general  survey  of  all  its  pro- 
ductions ;  and  secondly,  to  become  capable  of  coilectiog 
every  one  of  these  productions  with  fiidlily  and  security, 
under  the  above  mentioned  ideas. 

If  we  examine  the  systems  of  Natural  History,  we  find 
that  for  the  most  part  they  axe  fininded  upon  the  idea  <»f 
a  series.  Yet  it  is  difficult  to  dedde,  whether  in  the  mi- 
neral systems  this  is  a  series  of  genera  or  of  species:  for 
in  these  systems  both  genus  and  species  are  founded  upon 
reasons  so  uncertain,  that  it  becomes  utterly  impossible  to 
derive  any  dear  idea  from  the  existence  of  their  determi- 
nations. A  series  of  species  is  in  direct  opposition  with  that 
of  a  series  of  genera,  in  fiu;t  to  the  idea  of  the  genus  itself  in 
as  much  as  it  supposes  that  there  exist  no  equal  degrees  of 
resemblance  among  different  spedes.  In  order  to  convince 
ourselves  in  this  respect,  the  best  ccmtrivance  will  be,  to 
produce  a  series  of  species  in  nature,  in  which  those  placed 
nearest  must  resemble  each  other  most,  and  where  we  may 
begin  at  any  chosen  member.  Evidently  for  this  process  a 
single  variety  cannot  represent  the  species,  but  we  must 
employ  the  whole  spedes  as  compLetdy  known  as  pos- 
sible. In  endeavouring  to  produce  a  series  of  this  kind, 
very  soon  we  shall  meet  with  species  which  render  it 
doubtfiil  whether  the  one  or  the  other,  or  even  a  third, 
a  fourth,  dec.  should  follow  the  preceding  spedes;  snd 
at  last  we  must  either  entirely  abandon  the  experiment 
or  we   must  suppose   that   two,  three,  or  more  spe- 
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des  occupy  the  same  place  in  the  series.  The  Gnmpet 
of  species  thus  formed  are  the  natural-historical  genera 
(§.  225.).  In  the  real  existence  of  genera  in  the  Mineral 
Kingdom,  we  diicoyer  the  reason  why  there  b  no  series  of 
nngle  species.  A  more  evident  demonstration  of  the  pre^ 
ceding  observations  maj  be  acquired  bj  considering  a  few 
examples,  for  instance,  the  genera  Schiller-spar,  Disthene« 
spar,  Triphane-spar,  Djstome-spar,  Kouphone-spar,  Peta- 
line-spar,  Feld-spar,  Augite-spar,  ftc,  or  the  genera  of  the 
order  Baryte,  or  of  any  other  somewhat  more  comprehen- 
sive order  of  the  natural-historical  system  of  Mineralogy. 
The  series  thus  representing  the  Mineral  Kingdom  is  a  se- 
ries of  genera,  exactly  as  in  the  Animal  and  Vegetable 
Kingdoms ;  and  like  these  it  does  not  oontidn  a  series  of 
single  species. 

The  Mineral  Kingdom  is  constituted  by  a  series  of  natu- 
ral-historicai  genera,  each  of  which  contains  similar  species 
(if  it  contain  more  than  one);  every  one  of  these,  again, 
being  the  assemblage  of  homogeneous  individuals.  Thus 
the  idea  of  the  Mineral  Kingdom  receives  its  fuUest  evi- 
dence, and  requires  in  this  respect  no  other  notions  inter, 
mediate  between  that  of  the  genus  and  that  of  the  Mineral 
Kingdom* 

The  idea  of  a  series  requires  a  beginning  and  a  termi- 
nal point.  There  can  be  no  objection  to  the  received  or- 
der of  the  three  kingdoms,  in  which  the  Animal  King- 
dom is  followed  by  the  Vegetable  one,  and  this  again  by 
the  Mineral  Kingdom ;  and  it  deserves,  in  fiict,  that  gene^ 
ral  reception  which  it  has  always  found.  Those  produc- 
tions of  the  Mineral  Kingdom,  which  resemble  most  some 
of  the  Vegetable  Kingdom,  immediately  will  follow  these, 
and  form  one  of  the  terminal  points  in  the  series  of  genera 
which  constitutes  the  Mineral  Kingdom.  Thus,  always 
according  to  the  principle  of  similarity,  we  obtain  the  Whde 
series  of  genera,  as  it  is  contained  in  the  natural-historical 
system  of  the  present  work. 

It  will  be  useful  to  add  here  a  few  remarks  on  the  recep- 
tion of  what  has  been  called  the  AtmatpherUia  into  the  Mine- 
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nl  Kingdom.  Thb  evidently  depends  upon  the  veiy  idea  or 
definition  of  a  mineraL  If  we  examine  thia  idea  as  oontun- 
ed  in  most  of  the  mineralogical  voiks,  we  find  sevezal  cha- 
racteiBi  which  aze  not  natuml-historical  ones,  and  which 
therefotebynomeanscanbeanolQect  of  anjnatural-htBto- 
rical  inquiry.  If  we  omit  all  these  as  being  foreign  to  the 
adenoe,  the  onljr  character  still  remaining  is  that  of  an  Iwu-'- 
g0Hie  NaturtU  Proditctiom  s  so  that  the  mineral  kingdom  con* 
tains  the  inoij^anic  natural  productions  ^ic^ether^  and 
among  theseconsequentlj  also  the  atmoqiherilia. 

Hence  we  cannot  exclude  Water,  the  different  kinds 
of  Gas,  of  Add,  and  of  other  productions  of  inpiganic  na- 
ture, fit>m  the  mineeal  system,  because  upon  this  sup- 
position it  would  be  imposaable  to  define  the  idea  of  a  mi- 
neral, in  conformity  with  the  requisites  of  Natural  HistoiT, 
and  containing  therefore  toklg  NaturaUHiOorical  Charocteru 
MoreoTer*  it  is  impossible  to  say  upon  what  should  be 
Jbufuled  the  difference  between  the  Mineral  Kingdom  and 
that  of  the  Atmospherilia ;  nor  would  the  idea  of  Natu- 
ral History  itself  allow  to  follow  the  example  of  most  of 
the  naturalists,  to  pass  with  silence  over  the  latter. 

With  the  assistance  of  all  the  ideas  developed  till  now, 
it  cannot  be  difficult  to  dedde,  whether  or  not  a  natural 
production  belongs  to  the  Mineral  Kingdom.  It  will  be 
attended  with  as  little  difficulty  to  determine  the  species  of 
a  mineral,  if  we  know  its  genus.  It  is  more  ^fficult,  from 
the  idea  of  the  Mineral  Kingdom  to  reach  that  of  the 
genus,  that  is  to  say,  to  determine  the  Gcmut  of  a  Mineral  ,* 
and  therefore  some  preparations  are  wanted,  consisting  in 
aeveral  intermediate  ideas,  by  which  it  becomes  more 
easy  to  descend,  as  it  were,  from  the  highest  to  the  low- 
est of  these  ideas*  On  account  of  their  employment, 
they  have  been  called  the  Ikgreet  tf  CUu^cation,  These 
intermediate  ideas  must  be  founded  upon  the  general 
prindple  of  classification  in  Natural  History,  exactly  like 
the  idea  of  the  genus  it8el£  Their  purpose  is  not  to 
illustrate,  but  only  to  render  more  easy  the  application  of 
the  general  ideas  of  the  genus  and  of  the  species  in  the 
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Mineral  Kingdom.     These  axe  the  ideas  of  the  Order 
and  of  the  Class. 

§•  227.  ORDER. 

The  Order  is  an  assemblage  of  similar  genera. 

The  order  is  in  respect  to  the  genera,  what  the  genus  is 
in  respect  to  the  species.  The  idea  of  the  order  is  there- 
fore per&ctlj  evident  from  the  preceding  inquiries ;  and  the 
onlj  object  that  requires  some  consideration  in  the  present 
place,  is  to  shew  its  application  to  the  Mineral  Kingdom. 

The  genus  Iron-pyrites,  in  the  peculiar  place  it  occupies 
in  the  general  series  of  genera,  is  surrounded  bj  several 
other  genera,  which  exhibit  so  high  a  degree  of  resemblance 
to  each  other,  that  thej  seem  to  have  been  formed  after  a 
common  type  or  originaL  These  are,  the  genera  Nickel- 
pyrites,  Cobalt-pyrites,  Arsenical-pyrites,  and  Copper-py- 
rites.  There  is  not  another  genus  to  be  found  in  the  whole 
Mineral  Kingdom,  as  hitherto  known,  which  could  be 
enumerated  along  with  them,  without  destroying  the 
idea  produced  by  the  assemblage  of  the  above-mentioned 
genera.  In  a  similar  manner  the  genus  Iron-ore  is  oon^ 
nected  on  one  side  with  the  genus  Manganese-ore,  on  the 
other  side  with  the  genera  Chrome-ore,  Cerium-ore,  Urani« 
um-ore.  Tantalum-ore,  Copper-ore,  Scheelium-ore,  Tin-ore, 
i^inc-ore,  and  Titanium-ore.  Thus  likewise  round  the  ge- 
nus Feld-spar  are  assembled  the  other  genera  of  Spars  un- 
der similar  circumstances.  Every  groupe  of  thia  kind 
which  is  an  assemblage  of  genera  similar  to  each  other,  is 
an  order. 

These  orders  are  as  distinct  from  one  another,  and  as  re- 
markable as  tl^e  genera  in  the  Mineral  Kingdom,  but  they 
require  also,  like  these,  to  be  oWrved  in  nature.  They  re- 
present in  the  Mineral  Kingdom  the  natural  fomilies  of  the 
Vegetable  Kingdom ;  and  their  reception  and  determina- 
tion in  the  one  and  the  other,  depends  upon  the  same  prin- 
ciple. 

The  orders,  like  the  genera,  must  not  be  compared  with 

VOL.  I.  Y 
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what  formerlj  has  been  deognated  by  this  name  in  Mine- 
xalogj.  The  chemical  principles  of  classification,  reoeiTed 
in  these  systems,  more  particularl j  exercise  their  influenoe 
in  thdr  higher  divisions.  In  genend,  Minenkgy  must 
not  be  compared  with  any  science  except  Zoology  and  Bo- 
tany, and  it  has  nothing  to  fear,  if  it  is  found  to  admit  of 
this  comparison.  For  this  will  demonstrate  that  U  has  ^ 
jpUed  the  general  princ%ple$  of  Natmral  Hittory  m  eoi^bnmtp 
with  itteff  to  its  obfecty  v^iOt  U  Ut  peeuRar^  hat  at  &u  $ame 
time  alio  itt  only  hutinett. 

§.  928.  CLASS. 
The  Class  is  an  assemblage  of  similar  orders. 

What  the  genus  is  to  the  species,  or  the  order  to  the 
goiera,  the  class  is  in  respect  to  the  orders.  Generum  gc^ 
mu  est  OrdOy  ordmum  autem  genus  Classts  est.  LivH.  PhiL 
Bot.  804.  The  idea  of  the  class  is  so  comprehensive,  that 
it  becomes  difficult  to  judge  of  its  applicability,  without 
the  direct  inspection  of  the  objects  themselves.  This  in- 
spection proves,  that  every  one  of  the  three  classes  of 
the  natural-historical  system  in  Minendogy  does  contain 
orders  which  are  connected  by  a  greater  degree  of  simi- 
larity, with  each  other,  than  with  ^ose  of  other  classes. 

The  idea  of  the  class  likewise  depends  solely  upon  natu- 
ral-historical considerations,  and  does  not  admit  of  any  fb- 
rngn  piindpLe.  It  is  analogous  to  the  classes  in  the  oiga- 
nic  kingdoms,  in  as  far  as  these  are  not  artificial,  or  pro- 
duced by  a  mere  division.  These  ideas,  however,  do  not 
allow  of  any  comparison  with  the  classes  hitherto  used  in 
SdQnenlogy;  which,  not  being  firamed  according  to  the 
principles  of  Natural  EQstory,  are  partly  founded  upon 
hypotheses,  and  partly  on  principles  which  the  present 
state  of  Chemistry  no  longer  admits. 

The  systematic  ideas  of  the  species,  of  the  genus,  the 
order,  and  the  class,  are  all  that  is  necessary  for  producing 
what  has  been  called  a  System  of  Nature ;  and  it  i^pears 
that  they  possess  the  same  requisites  in  all  the  three  king- 
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doms  of  nature.  To  fi^im  the  daflws  into  Kingdomfl,  and 
to  comprehend  these  within  the  still  hif^MT  idea  of  Natme, 
is  a  problem  belonging  to  Natunl  Historjr  in  genenl,  from 
which  the  Natural  History'  of  ereiy  particulBr  kingdom 
must  borrow  these  higher  ideas. 

In  order  to  give  a  general  view  of  the  su)>ject»  it  will  be 
useftd  shortlj  to  repeat  the  whole  process  of  dereLoping 
these  ideas,  and  the  systematical  unities  themselyes. 

All  material  bodies  are  distinguished,  accordiiig  to  their 
most  general  differences,  into  orgmtic  and  imrgtmk  natu- 
ral productions  (§.  7*)* 

Chfganic  nature  comprehends  two  kingdoms,  the  Animal 
and  the  Vegetable  (§.  8.) :  inorganic  nature  comprehends 
only  one,  the  Mineral  Kingdom  (g.  9.). 

The  Mineral  Kingdom  is  a  series  of  natural-historical 
genera,  the  succession  of  which  is  determined  according  to 
their  greater  or  less  agreement  or  similarity  (§.  226.).  It 
contains  three  classes. 

Every  class  comprehends  part  of  the  series  of  genera  col- 
lected into  several  orders.  The  classes  are  not  of  the  same 
extent ;  and  the  orden  which  thej  contain  are  joined  by 
an  equal  d^ee  of  similarity  (g.  28A.). 

£vei7  order  is  an  assemblage  of  several  genera  in  their 
regular  succession ;  hence  it  is  likewise  a  portion  of  the 
general  series  of  genera.  The  genera  comprised  within 
an  order,  present  equal  degrees  of  similarity  (§.  227.)* 

Every  genus  is  an  assemblage  of  similar  species ;  it  is  a 
unity  in  the  series  of  genera.  The  species  within  the  ge- 
nera are  connected  by  equal  degrees  of  similarity  (g.  2S&.). 

Every  species  is  an  assemblage  of  homogeneous  indU 
viduals  9  the  individuals  of  a  species  are  connected  by  thc^ 
series  of  characters,  that  is  to  say,  by  real  natural-historical 
transitions  (§.  221.  222.). 

The  individual  is  the  simple  mineral,  produced  6y  na- 
ture, either  singly  (§.  160.),  or  in  various  compositions 
(§.  178...  189.).  It  is  the  only  systematic  idea  which  imme" 
diai^  refers  to  nature,  or  to  which  an  object  of  ohtervation 
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corrapon/ii*    In  respect  to  the  whole  of  the  species,  the  in- 
dividual is  called  a  variety. 

It  must  here  be  observed,  that  none  of  these  ideas  have 
been  obtained,  or  deduced  from  the  others  by  means  of 
a  dlfMon,  For,  in  order  to  arrive  at  them,  we  have  not 
begun  with  the  highest,  but  with  the  lowest  one,  which 
is  that  of  the  individual,  and  then  we  have  first  deter- 
mined the  idea  of  the  species  according  to  the  idea  of  ho- 
mogeneity, those  of  the  genus,  the  order,  &g.  according  to 
different  degrees  of  natural-historical  resemblance ;  and 
the  whole  of  them  by  aggregation  or  aaembiage.  Be- 
sides the  idea  of  the  species,  a  division  would  have  pre- 
supposed also  that  of  the  Mineral  Kingdom,  and  it  would 
have  required  a  principle,  according  to  which  it  nugfat 
have  been  effected  with  consistency.  In  another  place 
it  will  appear,  that  these  conditions  in  ftct  may  be  fid- 
filled ;  yet,  by  such  a  division,  it  would  not  have  been 
possible  to  obtain  the  same  classes,  orders,  and  genera, 
which  have  been  obtained  by  the  other  process ;  and  the 
degrees  of  classification  thus  obtained,  would  not  have 
been  suitable  to  the  purpose  of  giving  a  general  view  of 
inoiganic  nature,  in  agreement  with  the  similarity  which 
exists  among  its  productions ;  and  this  nevertheless  is  the 
last  and  highest  aim  of  Natural  History.  Methodut  JVa^ 
.    turake  tUtknusJhUt  Botanicet  est  a  frit.  Likh.  PhiL  Bot,  206. 

§•  229.   HINSKAL  SYSTEM. 

The  Mineral  System  is  the  collection  of  the  na- 
turalohistorical  ideas,  conformably  to  the  degree  of 
thdr  generality,  and  applied  to  the  productions  of 
the  Mineral  Kingdom. 

The  mineral  system  a  a  representation  of  the  Mineral 
Kingdom  by  means  of  general  ideas.  These  ideas  must  be 
clear,  precise,  complete,  and  correctly  subordinate  to  one 
another,  so  as  to  become  consistent  with  each  other,  and 
applicable  to  experience. 
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The  nature  of  these  ideas  evidently  depends  upon  the 
preceding  observations.  If^  therefore,  in  general,  and 
from  zeasons  of  Natural  History,  no  oljection  can  be  made 
to  the  ideas  of  the  species,  the  genus,  the  order,  or  the 
class;  the  applicability  of  the  mineral  system,  arising 
from  the  connexion  of  these  ideas,  will  depend  solely 
upon  their  consistent  application  to  the  present  state  of 
knowledge. 

To  apply  the  ideas  of  the  species,  the  genus,  &c.  to 
experience,  is  to  collect  the  individuals  occurring  in  na- 
ture, agreeably  to  their  homogeneity,  into  species ;  to  join 
these  species  into  genera,  according  to  the  highest  de- 
gree of  natural-historical  resemblance  which  occurs  among 
them,  &C. ;  or,  in  other  words,  accurately  to  determine 
the  more  particular  contents  of  the  system.  This  sup- 
poses an  accurate  examination  and  a  careful  comparison 
of  the  individuals  among  each  other ;  and  in  that  respect 
the  only  mode  in  which  the  mineral  system  may  arrive 
at  its  perfection,  is  by  a  thorough  knowledge  of  the  ob- 
jects themselves.  This  knowledge,  however,  being'an  em- 
pirical one,  must  always  remain  incomplete,  and  is  really 
so  at  present  in  a  great  measure  i  a  perfect  mineral  sys- 
tem, therefi)re,  is  an  object,  which,  though  we  may  ap« 
'  proach,  we  never  can  reach. 

We  must  proceed  with  some  caution  in  thus  determin- 
ing the  contents  of  the  mineral  system :  a  few  rules  in  this 
respect  will  not  be  superfluous.  The  first  of  these  rules 
requires,  that  we  attach  the  highest  importance  to  the 
correct  determination  of  the  species,  because  this  is  the 
foundation  of  all  the  other  ideas,  and  therefore  of  the  sys- 
tem itaelE  According  to  another  of  these  rules,  we  must 
endeavour  to  unite  newly  discovered  individuals,  along 
with  other  species  already  determined,  till  we  may  con- 
vince ourselves  by  an  accurate  examination,  that  this  is  no 
longer  possible;  because  it  is  a  general  rule  in  Natural 
History  not  to  multiply  the  number  of  the  species,  without 
an  evident  necessity.  In  fiict,  one  of  the  greatest  errors 
of  many  mineral  systems  consists  in  their  contaii^pg  too 
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many  spede^  which  on  that  account  cannot  he  well  de- 
termined, and  which,  besidea  other  bad  consequences,  only 
serve  to  render  the  nomenclature  difficult  and  inapplicable. 
A  third  rule  recommends  us  not  to  enter  newly  determin- 
ed species  into  the  system  with  too  much  prediMtation,  but 
to  follow  the  examjde  of  other  cautious  naturalists,  and  to 
expect  some  more  extended  knowledge  from  fiiture  ohaer- 
jrations,  in  order  not  to  hazard  precipitous  determinatkos. 
Indeed  it  seems  better  that  something,  though  it  were 
*  known  fyr  some  time,  should  be  wanting  in  the  STstem ; 
than  to  allow  an  ill  determined  species  to  injure  the  con- 
nexion of  the  whole.  For  the  rest,  mere  hypotheses  or  the 
results  of  other  sciences,  should  never  be  reBed  on  in  these 
determinations,  because  it  is  bdow  the  dignity  of  a  science, 
which  admits  of  the  i^qE^Ucation  of  mathematics,  to  build 
its  frame  upon  hypotheses.  Natural  Histoiy  too  posses- 
ses so  many  means  of  assistance  peculiar  to  itself  that  if 
well  applied  (which  has  not  always  been  the  case  in 
Minerali^)  it  may  rest  solely  upon  its  own  determi- 
nations. 

A  system  thus  produced  is  what  has  been  termed  the 
I^atural  Syitemy  because  it  expresses  the  different  degrees 
oi  natund-)iistorical  resemblance  with  which  nature  itself 
has  stamped  its  productions.  This,  however,  is  the  only 
part  nature  takes  in  a  natural  sjrstem,  and  it  is  therefore 
not  the  Syttmi  of  Nature*  lliis  idea  is  merely  an  imagi- 
nary one,  and '  no  object  corresponds  to  it.  Nature  pro- 
duces only  different  bodies,  but  no  abstract  ideas;  and  the 
system  of  nature,  mentioned  by  several  natural  pfailoso- 
jdiers,  are  only  words  without  ideas,  or  ideas  without  ob- 
ject. Opposed  to  the  natund  system,  there  are  also  Ariu 
JlekU  Syrtems.  The  natural  system  produces  its  general 
ideas  by  the  process  of  aggregation,  while  in  the  artificial 
ones,  Uie  assemblages  depend  upon  general  ideas,  in  ss 
much  as  Uiey  are  obtained  by  the  process  of  division. 

The  expressions  of  naiurai  and  arttfiekU  systems,  though 
generally  received,  do  not  convey  the  exact  idea  of  what 
they  have  to  express.   They  have  on  that  account  been  the 
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source  of  many  differenoee  of  opinion,  according  to  the  cor* 
vrect  or  erroneous  ideas  attached  to  them  by  naturalists. 
For  more  than  one  reason,  it  ivould  therefore  be  adyisable 
to  substitute  in  their  stead,  the  ezpressiye  denominations 
of  synfftetieal  9Xid  anatytkal  systems. 

Doubts  hare  been  raised  against  the  possibility  of  arti- 
ficial systems  in  Mineralogy.  The  experiments  indeed 
which  had  formerly  been  instituted,  seemed  only  to  de- 
monstrate that  Uiese  doubts  were  well  founded.  The  sys- 
tems of  a  mixed  or  double  principle  do  not  eren  belong  to 
these,  for  they  are  neither  analytical  nor  synthetical,  be- 
cause they  do  not  possess  the  unity  of  principle  required 
in  eyery  system. 

The  production  of  any  system  requires  the  prerious  de« 
termination  of  the  species.  The  spedes  therefore  must 
have  already  been  established,  if  we  intend  to  build  also  an 
artificial  or  analytic  system.  Upon  this  supposition,  any 
analytic  system  in  the  Mineral  Kingdom  has  to  resolve  one 
single  problem  of  importance,  which  is  to  eflect  the  first 
division,  without  impairing  the  unity,  or  destroying  the  con- 
nexion within  the  species.  There  is  no  great  difficulty  in 
this  reffpect  in  effecting  the  subsequent  lower  divisions. 

If  therefore  we  fix  upon  the  systems  of  crystallisation 
as  a  principle  of  the  first  division ;  we  obtain  the  base  of 
an  analytic  system  of  Mineralogy,  in  which  the  species 
remains  entire,  and  in  which  the  fiurther  subdivisions  may 
be  effected  without  difficulty. 

The  natural-histotical  stmiliuity  is  entirely  lost  in  ana- 
lytic systems.  Although  systems  of  this  kind,  if  well 
managed,  greatly  fiudlitate  the  determination  of  individu- 
als occurring  in  nature,  yet  they  possess  so  very  little  of 
'  the  other  requisites  of  a  system,  that  they  do  not  at  pre- 
sent deserve  to  be  considered  in  greater  detaiL  Analytic 
systems  may  be  compared  to  renters,  in  which  the  objects 
follow  each  other  according  to  certain  single  properties,  like 
words  in  a  dictionary,  without  regBod  to  signification! 
whereas  in  the  synthetic  system,  the  succession  of  objects  is 
determined  by  their  natural-historical  resemblance,  no 'at- 
tention being  giyen  to  single  properties. 
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I  shall  not  at  present  venture  to  examine,  whether  a  na« 
tursl-hifltorical  system,  partlj  analytical  and  partly  synthe- 
tical, like  the  Linnean  system  in  Botany,  might  not  unite 
the  advantages  of  both,  whilst  it  avoids  their  inconveni- 
ences. A  system  of  this  kind  would  be  less  objectionable 
indeed,  and  more  useful  than  those  founded  at  the  same 
time  upon  two  different  principles ;  but  it  could  not  unite 
those  properties  which  the  synthetical  system  presents,  if 
it  only  approaches  perfection  to  a  certain  degree. 

The  double  purpose  for  which  the  systematic  ideas 
(gi  328.)  have  been  produced,  likewise  will  require  our  at- 
tention in  constructing  a  mineral  system.  The  fint^  de- 
mands a  general  view  of  the  variety  of  nature,  collected 
within  different  unities  i  the  other  requires  a  method  of 
recognising  individuals  occurring  in  nature,  or  of  asogning 
to  them  their  peculiar  place  in  the  system,  and  of  provid- 
ing them  with  the  names  and  denominations  connected 
with  Uiese  places. 

It  seems,  that  attention  has  been  paid  only  to  the 
first  of  these  purposes  in  several  of  the  systems  hitherto 
constructed.  The  natural-historical  syatem  of  the  present 
work  perfectly  answers  this  requisite.  It  r^resents  na- 
ture according  to  the  different  degrees  of  resemblance 
which,  notwithstanding  all  their  variety,  exist  among  its 
productions.  Several  mineral  systems  do  not  represent  the 
relations  among  the  bodies  or  natural  productions  them- 
selves ;  but  among  the  results  of  their  chemical  analyses, 
which  are  not  objects  of  Natural  History. 

A  mineral  system  may  be  found  to  suffice  as  to  the  first 
requisite,  without  answering  the  second ;  it  may  fiunlitate 
the  general  survey  of  the  productions  of  the  Mineral  King- 
dom, without  assisting  in  the  determination  of  individuals. 
On  the  contraiy,  it  may  answer  to  the  second,  without  ful- 
filling the  first ;  it  may  assist  in  the  determination,  with- 
out producing  a  general  view ;  and  this  is  the  case  in  ana- 
lytic systems. 

If  we  examine  the  systems  hitherto  published  in  respect 
to  the  second  point,  we  find  ourselves  completely  dissatis- 
fied.   An  unknown  plant  may  be  determined  by  the  help 
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of  the  Linnean  ■ystem;  but  there  exists  no  system, 
by  the  assistance  of  which  we  might  determine  an  un- 
known  mineraL  In  order  to  find  the  class,  we  must  ana- 
lyse the  mineral;  and  by  this  analysis,  the  mineral  is  de- 
stroyed :  nothing  remains  to  determine  the  order,  the  ge- 
nus, and  the  species.  The  difficulty  is  not  removed  by  as- 
serting that  only  a  small  portion  of  the  whole  is  to  be  taken 
for  the  examination  i  because  here,  our  olgect  is  not  to  de- 
termine a  mineral  in  a  particular  case,  but  to  fix  the  gene- 
ral and  scientific  method  of  determination.  Thus,  in  the 
systems  noticed,  we  must  immediately  proceed  to  the 
apecies,  for  there  is  no  methodical  way  to  arrive  at  it 
through  the  intermediate  degrees  of  the  class,  the  order, 
and  the  genus.  In  short,  we  must  content  ourselves  with 
acquiring  an  empMaU  knowledge  of  minerals,  how  small 
soever  the  scientific  value  of  this  knowledge  may  be,  be* 
cause  indeed  it  is  better  to  know  the  natural  productions  in 
this  way,  than  not  to  know  them  at  alL  It  is  evident  that 
a  description  can  be  of  no  use  for  this  purpose ;  and  thus  it 
appears,  that  systems  of  the  kind  mentimied  above  do  not 
possess  either  of  the  two  necessary  requisites.  How  fiu* 
the  determination  of  occurring  individuals  is  ftdlitated  by 
the  natunl-historical  system,  will  be  examined  in  another 
part  of  the  present  Treatises 


PART  III. 

NOMENCLATURE. 

§.  230.   DEFINITION. 

The  Systematic  Nomeficlature  is  the  assemblage 
of  those  denominations  which  Natural  History  ap- 
plies to  natural  productions,  and  which  rder  to  a 
natural-historical  system. 


Thfife  is  only  one  mode  in  which  Natural  History  may 
provide  the  productions  of  nature  with  denoaainations;  but 
this  mode  is  in  the  closest  connexion  with  the  whole  being 
of  the  science.  The  whole  olgect  of  Natural  Histoiy  in 
this  respecti  is  to  resolve  that  single  problem :  to  com- 
preliead  the  unities  of  observation  within  certain  ideas, 
which  majr  be  formed  either  b j  assemblage,  or  by  division 
(§.  S89.).  We  maj  say  that  we  kncm  a  natural  production, 
if  we  are  capable  to  tdl  to  which  of  these  assemblages  or 
divisions  it  belongs ;  but  we  may  say  the  same  thing,  if 
we  know  its  denomination.  This  denominaUon  must  there- 
fore be  intimately  connected  with  the  above-mentioned 
ideas ;  it  must  exprett  the  relation,  in  which  that  natural 
production,'  to  which  it  is  applied,  stands  to  others,  with 
whom  it  agrees  more  or  less  in  respect  to  their  natural-his- 
torical resemblance. 

According  to  the  preceding  observations,  the  natural  or 
synthetical  systems  represent  this  connexion.  That  only 
mode  of  nomenclature,  therefore,  which  expresses  this  con- 
nexion, will  deservedly  be  called  the  systematic  nomen- 
clature. 

The  systematic  nomenclature  alone  is  capable  of  folfilling 
those  conditions  which  Natural  History  requires  from  no- 
menclature in  general.    For  it  provides  every  natural  pro- 
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duction  With  a  denomination,  and  represents,  by  these  de- 
nominations, the  natural-historical  resemblance  by  which 
these  bodies  are  connected  in  the  system. 

In  every  part  of  Natiinl  History,  nomenclature  is  the 
mirror,  which  reflects  an  image  of  the  whole  science.  The 
image  hitherto  produced  by  Mineralogy,  has  not  been  an 
agreeable  one,  or  calculated  to  invite  the  zoologist  or  bota- 
nist, or  any  enlightened  naturalist,  to  bestow  particular  at- 
tention on  Mineralogy.  A  mass  ofnames  and  denominations, 
Ibrmed  arbitrarily  or  accidentally,  and  subject  to  perpetual 
diange,  retard  the  solid  progress  of  the  science,  and  are 
a  great  impediment  to  the  acquisition  of  knowledge  in  its 
purity.  The  want  of  a  well  constructed  systematic  nomen* 
datare,  is  theiefiyre  an  essential  defect  in  the  Natural  His- 
tory of  the  Mineral  Kngdom ;  and  the  present  attempt  to 
remove  it,  how  imperfect  soever  it  may  be,  is  founded  upon 
the  very  idea  of  Natural  History  (§.  1&),  which  cannot 
exist  without  it. 

§.  231. 'OBJECT   OF   THE    STBTSMATIC    DENOMINA- 
TION* 

The  object  to  which  the  systematic  denominadoD 
must  refer,  is  to  express  the  correctly  determined 
natural-historical  species. 

The  natural-historical  species  is  iheftmndathn^  the  sjrste- 
matic  nomenclature  the  verbal  exprettUm  of  the  system. 
The  species,  therefore,  is  the  object  to  which  the  systema- 
tic denomination  refers. 

Nomenclature  requires  that  the  species  be  previously 
correctly  determined,  according  to  the  principles  of  Natu. 
ral  History.  For  the  necessary  connexion  among  several 
of  these  unities,  which  is  to  be  represented  by  a  verbal  ex- 
pretoion,  cannot  take  place  upon  any  other  supposition ; 
and  the  systematic  nomenclature  is  degraded  into  a  mere 
jumble  of  words,  to  which  no  object  corresponds.  In  this 
state,  it  cannot  any  longer  be  useful  to  Natural  History ; 
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but  it  really  becomes  an  impediment,  to  remore  which,  the 
trivial  nomenclature  (§•  241.),  has  been  resorted  to. 

In  most  of  the  mineral  systems,  the  species  has  as  yet 
not  been  correctly  determined.  In  these  tyttemsj  ther^fbrr^ 
neither  a  name  nor  a  denomination  appertains  to  a  wtUdeterwn^ 
ed  species. 

Such  systems  contain  names  and  denominations  of  single 
.  varieties  of  a  species ;  as,  for  instance.  Rock-crystal, 
Flint,  Chrysoprase,  &c. :  Common  Quartz,  Concfaoidal 
Homstone,  &c. ;  but  neither  a  name  nor  a  denomination 
exists  for  the  whole  species  of  rhombohedxal  Quartg,  to 
which  all  these  varieties  belong. 

If  it  be  necessary  to  denominate  a  newly  discovered  spe- 
cies, it  is  still  more  necessary  to  provide  a  spedea  with  a 
new  denomination,  which  has  been  corrected^  because  none 
of  the  old  ones  will  express  it,  and  because  it  is  impos- 
sible to  apply  all  of  them  at  once.  The  same  mode  of  xea- 
soDing  must  be  applied,  if  a  species  has  not  been  cor- 
rectly determined,  and  contains  varieties  of  several  natural- 
historical  species. 

In  a  scientific  treatment  of  Mineralogy,  this  becomes 
again  a  new  and  urging  reason  for  alteriiig  the  nomencla- 
ture ;  and  it  could  not  be  foi^ven,  iS,  under  these  circum- 
stanoes,  we  should  not  at  the  same  time  endeavour  to  give 
the  new  nomenclature  a  systematical  anangement. 

The  object  of  nomenclature  in  general,  and  more  particu- 
larly that  of  the  systematic  nomenclature,  is  to  express  (y 
words^  or  to  denominate  those  things  or  bodies  (the  species), 
or  which  other  sciences,  Natural  Philosophy,  Chemistry, 
Geology,  &c,  afford  more  detailed  and  particular  informa- 
tion. This  is  effected  by  substituting  names  and  denomi- 
nations, instead  of  the  characters  and  the  general  descrip- 
tions of  tlie  species.  These  names  and  denominations,  there- 
fore, must  possess  such  properties  as  will  enable  us  to  find 
them  out,  or  to  recognise  them,  whenever  the  characters 
or  natural-historical  properties  of  a  natural  production  are 
given.  This  is  effected  by  means  of  the  Characteristic,  to 
be  explained  hereafter.    If  they  be  meant  to  excite^  or  to 
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prodMCCy  an  Image  of  the  natuial-historical  qttality  of  the 
olyects  to  which  thej  refer,  or  to  remind  us  of  those  which 
are  more  or  less  similar  to  them,  they  must  indicate  the 
phioe  which  the  species  occupy  in  the  general  assemblage 
of  the  natural  productions  belonging  to  the  kingdom. 

This  is  the  point  of  view  from  which  we  must  consider 
and  develope  the  arrangement  of  the  systematic  nomen- 
clature in  general,  and  the  properties  of  the  systematic  de- 
nominations in  particular. 

§.  232.   PAOPEETIES  OF  THE  SYSTEMATIC  DEMOMI- 

VATION. 

The  systematic  denomination  must  be  composed 
of  several  words^  the  order  of  which  expresses  the 
connexion  between  the  denominated  object  and 
several  others,  to  which  it  is  more  nt  less  similar. 

In  order  to  recognise  a  giTen  individual,  or  to  determine 
the  place  which  it  occupies  in  the  system,  it  is  necessary 
to  proceed  with  it  through  all  the  general  ideas  of  this  sys- 
tem, from  the  highest  degree  to  the  lowest  one.  For  this 
is  the  means  by  which  we  learn  the  connexion  in  which  it 
is  with  others. 

If  we  have  to  express  this  connexion  by  words,  we  must 
construct  the  denomination  in  such  a  manner  that  it  may 
tell  the  unities  of  all  the  above-mentioned  ideas,  in  as  far 
as  it  is  necessary  (§.  234.) ;  it  must  therefore  consist  of  se- 
veral words ;  and  since  the  ideas,  according  to  their  con- 
tents, are  subordinate  to  each  other  (§.  228.),  these  words 
must  follow  each  other  according  to  the  same  order.  That 
word  which  expresses  tEe  highest  idea  must  precede,  and 
that  which  expresses  the  lowest  idea  must  follow,  in  the  or- 
der of  these  expressions.  This  distribution  of  words  should 
agree  with  the  general  spirit  of  the  hmguage ;  and  the  Latin 
language,  therefore,  would  be  preferable  in  the  mineralo- 
gical  nomenclature,  as  well  as  in  the  zoological,  or  in  the 
botanical  one.    This  language,  however,  has  been  so  very 
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little  employed  in  Mineralogy,  puticularl/  of  late  yetn, 
when  the  science  itself  has  been  more  psrticularly  cultiTftt- 
ed  Slid  enriched,  that  it  would  be  Tery  difficult  to  pfodiice 
a  Latin  systematic  nomenclature,  without  introducing  al- 
most endless  innovations.  This  has  been  the  reason  why, 
in  the  present  first  attempt  at  constructing  a  syatematic  no- 
menckture,  the  German  language  has  been  made  uae  o^  to 
the  spirit  of  which  the  English  language  in  this  veapect 
exactly  corresponds.  In  these  two  languages^  however, 
the  successive  order  of  the  words  is  exactly  oontraxy  to 
that  required  in  the  Latin  language.  In  the  Rwg*MJi  no. 
mendatuxe,  therefore,  the  hif^iest  idea  will  be  ezpreaaed 
by  the  last  word,  while  the  lowest  idea  is  indicated  in  the 
first  word* 

That  word,  with  which  we  dedgnate  a  sing^  ol^pect,  era 
nngle  species,  without  regard  to  its  genus,  or  a  sin^  genus 
independently  from  its  connexi<m  with  others  in  one  and 
the  same  order,  &c,  is  termed  its  iVaintf.    If  a  name  be  re- 
stricted by  means  of  an  adjective,  it  is  transfimned  into  a 
J}enotmnati<m,    A  name  consisting  of  a  single  word,  is  a 
rifli^name;  one  consisting  of  two  words,  is  a  comptmmd 
name.    Simple  names  can  never  express  the  connexion  of 
those  bodies  to  which  they  are  given ;  this  nu^,  however, 
be  effected  by  compound  names,  or  by  denominations. 
Hence  the  mere  simple  names  are  of  no  use  in  a  syHtetna- 
tic  nomenclature ;  but  it  will  require  compound  names  or 
denominations,  or  even  both  of  them.    The  simple  name 
designates  the  highest  idea  occurring  in  the  nomenclature, 
and  inversely,  this  idea  must  always  be  expressed  by  a 
simple  name.    The  compound  name  designates  a  lower  de- 
gree, the  denomination  the  lowest  degree  of  the  ideas  ex- 
pressed by  the  systematic  nomenclature.    Agreeably  to  the 
observation  in  §.  234L,  it  may  be  considered  as  a  rule  of 
the  systematic  nomenclature  in  general,  that  compound 
names,  in  the  event  of  their  being  applied,  should  never 
contain  more  than  two  words,  and  that  a  denomination 
should  never  admit  of  more  than  one  a^yective. 
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§.  SS3.   OBJECT  OF  THE  NAMES. 

The  ideas  expressed  by  the  names  are  the  higher 
unities  of  classification,  immediately  preceding  that 
of  the  species. 

In  order  to  enable  us  to  add  the  proper  reatrictiona  in 
the  denomination  of  the  apedea,  we  must  appljr  the  name 
to  the  genua,  or  to  the  order,  in  general  to  one  of  the  high- 
er unities  of  clasaification.  The  name,  therefore,  is  not 
fixed  upon  a  single  natural  production,  or  upon  an  indivi- 
dual, not  even  upon  a  angle  species ;  but  it  is  applied  to 
an  assemblage  of  a  greater  extent,  and  is  allowed  to  be 
transferred  upon  the  species  or  upon  the  individual,  onlj 
in  so  fiir  as  the  one  and  the  other  of  these  belong  to  the 
above-mentioned  more  extensive  assemblage,  in  virtue  of 
their  natural-biatorical  properties.  This  is  a  peculiar  pro- 
perty of  every  systematic  nomenclature,  and  it  is  a  charac- 
ter by  which  in  particular  it  differs  from  the  trivial  nomen- 
clature. In  the  latter,  the  species,  or  in  general  the  low- 
eat  systematic  idea  bears  the  name,  without  any  regard 
to  the  genus,  or  to  the  order  in  which  it  is  contained. 
The  trivial  nomenclature  therefore  bestows  its  names  upon 
the  objects  themselves,  without  indicating  the  connexion 
which  exists  between  them  and  other  bodies,  in  one  and 
the  same  system.  This  definition  of  the  trivial  nomencla- 
ture explains  its  &rther  arrangement,  as  shewn  in  §.  241. 

The  trivial  nomenclature  aUows  of  an  unlimited  arbi- 
trariness in  providing  the  species  with  names  {  which  is 
limited  in  a  systematic  nomenclature.  This  alone  would 
suffice  to  shew  the  usefiilness  of  its  general  reception,  even 
though  it  were  not  recommendable  on  account  of  its  other 
qualities.  A  newly  discovered  mineral  which  does  not  be- 
long to  any  known  species,  may  perhaps  belong  to  a  known 
genua,  and  assume  its  name ;  or  it  may  belong  at  least  to 
a  known  order,  and  as  such  receive  the  name  of  that  or- 
der.   And  even  if  neither  of  these  be  the  case,  the  syste- 
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matic  nomenclature  contains  the  rules,  after  whidi  it  maj 
be  provided  with  a  correct  denomination. 

§.   234.  NAME  OF  THE  ORDER. 

In  the  Natural  History  of  the  Mineral  Sang- 
dom,  the  Order  is  the  highest  idea  expressed  in  the 
systematic  nomenclature.  The  order  consequently 
will  bear  the  simple  name. 

It  depends  entirely  upon  the  kind  of  the  system  and  of 
the  classified  objects  themselves,  whether  the  genus  or  the 
order  should  be  that  higher  idea  above  the  spedes,  which 
bears  the  simple  name.  If  the  order  be  produced  by  the 
analytical  process  of  division,  as  in  the  linnean  system  in 
Botany,  or  if  the  system  itself^  to  which  the  nomendatuie 
refers,  be  an  analytical  system  (§.  229.)*  and  if  moireover 
the  orders  contain  a  vast  number  of  genera,  and  these  ge- 
nera again  a  vast  number  of  species :  then  it  will  be  more 
advisable  to  fix  the  name  upon  the  genus,*  and  to  be  con- 
tented with  the  advantages  thus  arising  to  the  mode  of 
denomination.  By  placing  the  name  upon  the  order,  the 
nomenclature  would  be  rendered  more  difllcult,  without 
becoming  more  usefuL  For  in  an  analytical  or  artificial 
system,  there  exists  no  similarity  among  the  danified  ob- 
jects (§.  229.) ;  and  a  nomenclature  expressing  the  order 
would  not  serve  to  simplify  or  illustrate  the  general  sur- 
vey of  the  objects ;  it  would  rather  serve  to  produce  confii^ 
sion.  On  the  oLher  hand,  it  could  not  but  be  useful,  even  in 
Botany,  to  fix  the  name  upon  the  order,  supposing  the  sys- 
tem to  which  the  nomenclature  refers  to  be  the  natural  sys- 
tem. 5i  danet  mrturaUi  estent  invenitg  omnes,  maaime  arndt^ 
ret  Urminaiio  nomimum  conjbnmt  Ih  ajfffnibus,  ni  mhnia  nuUatio 
proMheret.  Linm.  Crit.  Bot.  In  the  Natural  History  of 
the  Mineral  Kingdom,  however,  the  system  itself,  and  con- 
sequently also  the  order,  is  a  natural  or  synthetical  one ; 
hence  there  exists  a  connexion  among  the  classified  objects 
which  may,  and  even  must  be  expressed  by  means  of  the 
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•Srsteiiiatic  nomenclatiue.  Thus  it  becomes.  neentar$  to 
fix  the  name  upon  the  order.  Only  a  trifling  adyan- 
tage,  indeed,  would  be  gained,  if  in  Mineralogy  the  genus 
abould  be  fixed  upon  as  the  unity  of  classification  which 
haa  to  bear  the  name,  since  most  of  the  geneia  contain 
comparatively  only  very  £ew  species.  The  systematic 
nomenclature  would  thus' not  find  room  to  shew  its  usefiil. 
ness,  and  to  yield  the  services  required  by  Natuial  His- 
tory. 

The  higher  the  degree  of  classification  is»  upon  which 
we  maj  fix  the  name,  the  more  we  shall  be  enabled  to  ex« 
press,  in  the  denomination  of  the  species,  the  extent  of  the 
connexion  among  the  classified  olgects.  This,  however, 
must  have  its  limits,  and  should  not  be  carried  on  so  fiur  that 
it  ceases  to  be  either  usefiil  or  convenient  It  is  very  usefiil 
to  express  the  order  in  the  Natural  History  of  the  Mineral 
Kingdom ;  and  this  may  be  efiPected  without  any  inconve- 
nience.  But  if  we  would  endeavour  also  to  express  the 
claas,  this  would  be  both,  of  little  utility,  in  as  much  as 
there  are  only  three  classes  in  the  natural-historical  system 
of  Mineral(>gy;  and  vei^  inconvenient,  because,  in  order 
to  denominate  a  species,  this  would  require  four  difierent 
words.  Moreover,  the  last  of  these  words  being  in  most 
cases  the  same,  the  constant  repetition  would  produce  at 
least  a  very  dissgreeable  monotony. 

It  has  been  conddered  as  a  rule  in  Natural  History,  that 
the  genus  shoulJbear  the  name.  This  rule,  as  we  have 
seen  above,  is  |R)t  a  general  one.  We  may  consider  it, 
however,  as  a^nend  rule,  that  the  systematic  nomencla. 
ture  should  ymite  as  much  as  possible  all  the  advantages, 
and  rendemll  those  services  which  Natural  History  rea- 
aoimbly  akk  expect.  The  name,  therefore,  should  be  so 
plaoed,y&8  best  to  fulfil  these  demands.  From  the  rea- 
sons developed,  and  under  the  circumstances  above  men- 
tioiy^  this  really  takes  place,  if  in  Botany  it  is  the  genus, 
if  |n  Mineralogy  it  is  the  order  which  bears  the  name.  For 
sake  of  a  greater  conformity,  however,  with  the  method 
received  in  Botany,  a  compound  name  is  iaxal  in  Minera- 
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lo|ipr  Upon  the  genus,  or  tbe  name  of  the  genus  receives  aodi 
ui  arrangement,  that  it  expresses  at  the  same  time  the  or- 
ter ;  a  contriTsnoe  which  cannot  he  considered  as  ol^jection- 
aUe^  aoeording  to  the  principles  of  Zoology  or  Botany. 

§•  2S5.  SELECTION  OF  THE  NAMES  OF  THE  OEDEBS. 

The  simple  names  are  the  foundation  of  the 
whole  nomenclature.  In  their  selection,  therefore, 
we  must  proceed  with  the  necessary  precaution  and 
attention. 

I  have  endeavoured  to  introduce  as  few  new  names  as  pos- 
sible, and  I  have  derived  therefore  as  many  from  ancient  Mi- 
neralogy, as  I  found  to  answer  the  purpose^  Nondna  vctemm 
plarUis  impotUa  laudo^  ad  conspectum  vero  recenHomm  pbtriam 
horrea,  Heec  enim  maxiftuim  partem  tunt  iiMi  nici  Chaot 
cor^fktsionu^  CHJtu  Mater  harharics,  PaUr  authoriiof^  Nvirix 
prajudidufn.  Link.  Crit.  Bot.  Seyeral  of  these  ancient 
names  have  been  of  Ute  severely  censured,  others  have 
been  entirely  rejected :  yet  I  have  thought  it  right  to  select 
some  of  them  which  possessed  tbe  necessary  qualities,  and 
to  introduce  them  into  the  systematic  nomenclature  of  the 
present  work.  These  names  are,  G<u,  WaUr^  Add,  Saltj 
BarytCy  MalacJwte^  Mica,  Spar^  Gem^  Orf,  Metot,  Pyritetj 
Glance^  Bkndey  Sulphur,  Rerinj  and  Cool  These  names  are 
sufficient  for  all  the  orders  hitherto  known,  except  two ; 
and  it  seems  that  a  spirit  of  innovation  cannot  be  with  pro- 
priety reproached  to  a  new  nomendature,  tf  it  does  not 
contain  more  than  two  new  names,  particulariy  if  we  re- 
collect that  it  refers  to  a  new  system,  or  rather  to  a  sys- 
tem in  which  a  new  application  of  principles  has  been  made, 
which,  though  not  new  in  themselves,  hare  yet  been  ne- 
glected in  Mineralogy.  These  new  names  are  HaMde  and 
Kerate,  They  would  not  have  been  made  use  of,  had  any 
others  of  a  similar  signification  occurred  in  the  older  mine- 
ralogy. 
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§.    SS6.    8IOKIFICATIOH    OF    THE    KAHXt    09  THE 

OBDXE8. 

The  simple  names  receive  their  ngniflcatlon  in 
agreement  with  the  ideas  of  the  orders.  They 
must  always  be  used  in  these>  never  in  any  other 
significations. 

It  may  he  useful  in  this  place  to  add  a  few  remarks  on 
the  meaning  attached  to  several  of  these  names  as  applied 
to  the  orders.  The  name  of  Ore  has  been  hitherto  applied 
to  a  great  many  minerals,  and  it  is  one  of  those,  whose  sig« 
nification  has  been  particularly  vague  and  uncertain.  Even 
its  technical  ngnification  had  disappeared  i  for  though  in 
this  respect  we  understand  very  well  what  is  meant  bj 
Iron-ore,  Copper-ore,  Manganese- ore,  and  Chrome-ore  t 
yet  it  will  be  very  difficult  to  say  what  we  should  understand 
by  Liver-ore,  Tinder-ore,  Horn-ore,  Tile  ore,  Oliven-ore, 
Fea-ore,  Pitch-ore,  &c.  Names  of  that  kind  have  indeed 
no  signification  at  all,  as  long  as  there  does  not  exist  an 
order  Orc^  to  the  genera  of  which  they  may  be  referr^. 

Ify  on  the  contrary,  we  attempt  to  comprise  in  one  single 
expression  all  the  minerals  which  have  hitherto  been  de- 
signated by  the  name  of  Ore,  and  add  such  as  are  naturally 
allied  to  them  in  their  properties  and  resemblance,  in  order 
to  produce  the  natural-historical  idea  of  tlie  name  of  Ore ; 
the  idea  conveyed  by  this  term  would  necessarily  become 
80  complex  and  varied  as  to  be  utterly  devoid  of  clearness 
and  consistency  with  itself.  It  would  moreover  include  so 
many  species,  that  the  greater  part  of  the  minerals  would 
become  ores,  and  thus  the  whole  Mineral  Kingdom  would 
not  admit  of  another  idea  of  that  kind. 

If  therefore  the  name  of  Ore  shall  not  lose  both  signifi. 
cation  and  applicability  in  the  Natural  History  of  the  Mi« 
neral  Kingdom ;  it  must  be  confined  to  a  few  only  of  those 
minerals  which  hitherto  have  been  called  ores.  Among 
these  are  Red  Copper-ore  (octahedral  Copper-ore),  Tin-ore 
(pyramidal  Tin-ore),  the  Iron-ores  (rhombohedral,  octahe- 
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dnl  and  prismatic  Iron-ore),  Grey  Manganeee^ore  (priama- 
t(Mdal  Manganese-ore),  &c.    The  same  name  of  Ore  miiat 
likewiae  be  applied  to  other  species,  which  are  connected 
with  the  preceding  ones  bj  equal  degrees  ef  natoraUikto- 
lical  similaxity.    Such  are  Butile  (pentomous  Titanium- 
oreX  Anatase  (pyramidal  Titanium-ore),  Wolfhon  (prisma- 
tic Scheelium-ore),  Uranite  (uncleavable  Uranium-ore),  Ac. 
All  these  species  form  together  one  natiual  order,  which 
bean  the  name.    The  name  acquires,  therefore,  its  signi- 
fication and  application,  from  the  nature  of  the  geneia 
and  species  which  the  order  contains ;  and  is  transferred 
upon  them  in  so  &r  as  they  belong  to  that  order.    Hence 
every  thing  must  also  bear  the  name  of  Ore,  which  belongs 
to  the  order  Ore,  or,  in  other  words,  it  will  be  said  to  fe 
an  Ore;  and  a  mineral  is  called  an  Ore,  only  because  it  be- 
longs to  this  order.    Thus  the  idea  of  the  name  of  Ore 
becomes  exactly  determined  in  canfi)rmity  to  the  idea  of 
the  order.    A  newly  discoyered  mineral,  which,  on  account 
of  its  natural-historical  properties,  belongs  to  the  order  Ore, 
assumes  this  name,  or  comes  as  it  wexe  with  this  name  to 
the  notice  of  the  world,  and  lb  thus  secured  from  a  burden 
which  arbitrariness  very  soon  would  load  upon  it,  as  long 
as  there  does  not  exist  a  systematical  nomenclature. 

The  signification  of  the  name  PyrUet  has  been  better  main- 
tained  in  its  purity.  Most  of  the  nunerala  hitherto  called 
Pyrites,  really  belong  to  that  natural  order,  upon  which  the 
name  of  Pyrites  has  been  fixed.  Such  are  Copper-pyrites 
(pyramidal  Copper-pyrites),  Iron-pyrites  (hexahednd  and 
prismatic  Iron-pjrrites),  Arsenical  pyrites  (axotomous  and 
prismatic  Arsenical-pyrites),  &c.  Other  species,  that  ne- 
,  vertheless  belong  to  the  same  order,  have  hitherto  not  been 
caHed  pyrites;  as  Cobalt-glance  (hexahednd  Cobalt-py- 
rites), white  Cobalt-ore  (octahedral  Cobalt-pyritesX  Kup- 
femickel  (prismatic  Nickel-pyrites).  Cobalt  and  Nickel  are 
metals,  and  minerals  which  bear  these  names  must  belong 
to  the  order  Metal.  But  if  Iron-py rites  be  a  Pyrites,  that 
is  to  say,  if  it  belong  to  a  certain  natural  order,  all  the  rest 
likewise  must  belong  to  that  order,  and  consequently 
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flume  its  name.  They  are  Uierefore  eompeUed  as  it  were«  by 
their  natoralphistorieal  properties,  to  part  with  their  Ibrmer 
names. 

No  other  name  has  been  subject  to  more  ambiguities,  and 
to  abuses,  than  the  name  of  Spar,  The  word  Spar  is  ge- 
nerally said  to  signify  a  certain  structure  which  has  been 
called  the  tpaihote  one.  We  should  never  derive  a  name— 
a  word,  which  designates  a  very  general  idea,— *&om  tliis 
property ;  for  no  property  is  less  constant  in  a  determined 
signification,  as  its  constancy  does  not  extend  beyond  the 
species,  if  we  except  the  teraular  system.  In  a  more  com- 
prehensive or  indeterminate  signification,  again,  it  is  so  ge- 
neral, that  it  occurs  not  only  in  all  the  systems  of  crystal- 
lisation, but  also  in  many  different  orders. 

The  name  of  FcUpar  or  Fdd'^par  is  almost  generally  re- 
ceived in  many  languages,  and  may  be  usefiil  on  that  ac- 
count in  deriving  the  name  of  an  order.  Hence  only  those 
minerals  are  said  to  be  Sporty  vhkh  belong  wUh  Fdd-^par  to 
one  and  the  tame  natural  order^  and  not  those  species  only 
which  shew  the  so  called  spathose  structure. 

Mka  signifies  a  minend,  which  may  be  cleaved  with  &- 
cility  into  thin  shining  laminae.  Common  lltCca  (rhombo- 
hedral  Talc-mica),  Uran-mica  (pyramidal  Euchlore-mica), 
CSopper-mica  (riiombohedral  Euciilore-mica),  are  of  this  kind. 
Although  this  rdation  of  structure  alone  is  not  sufficient 
for  determining  a  natural  order ;  yet  the  order  Mica  con- 
tains only  such  species  as  present  it  in  a  high  degree  of 
perfection,  and  it  bears  therefore  deservedly  this  name* 

A  mineral  wliich  may  with  propriety  bear  the  name  of  a 
Metaly  must  really  be  a  metal,  or  it  must  present  the  pro- 
perties peculiar  to  metals.  Hence  this  name  must  not 
be  given  to  species  belonging  to  the  orders  Pyrites, 
Glance,  Blende  or  Ore,  because  they  do  not  posseas  the 
properties  of  metals,  althou^^  metals  actually  may  be 
extracted  from  them.  The  classification  of  metallic  sub- 
stances in  the  greater  part  of  the  systems  hitherto  pub- 
lished, regard  much  more  the  reguH  obtained  by  chemical 
aid,  thin  the  productions  of  nature ;  and  thus  they  betray 
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that  they  are  not  meant  to  be  qrstems  of  Natural  History, 
but  aomething  which  indeed  cannot  filwi^  be  defined  or 
reduced  to  dear  ideas. 

The  rest  of  the  names  need  no  further  remarks.  Some 
of  them  belong  entirely  to  the  English  idiom ;  others  have 
long  ago  been  introduced  by  minexalogical  authors.  The  use 
of  these  names  is  similar  to  that  of  the  words  explained  be- 
fore ;  the  ideas  which  they  express  being  dependent  upon 
the  contents  of  the  orden  to  which  they  ha^e  been  applied* 

The  only  two  names  newly  introduced  are  Hokide  and 
Keratt.  The  first  of  these  has  been  used  by  seyeral  che- 
mists for  certain  compositions  of  Muriatic  add  with  other 
bodies.  The  name,  however,  does  not  indicate  this  acid  to 
be  contsined  in  the  mixture.  It  means  only  a  substance 
retcwMng  mU^  like  octahedral  Fluor  Jialmde,  pzismatoidal 
6yp8um4ialoide,  rfaombohedrsl  Lome-haloide,  &c. 

The  above  mentioned  examples  shew  that  there  exist 
mineral  productions  in  nature,  so  veiy  similar  to  the  sslts, 
that  is  to  say,  to  ike  wkterab  cotUaimed  in  the  Jimrth  order  of 
the  Jlrit  eiauy  in  respect  to  their  natund4ii8torical  proper- 
ties, that  without  a  nearer  examination,  they  might  be 
easily  mistaken  for  one  another ;  and  whidi,  therefore,  in« 
.deed  possess  that  reaenMtmce  to  mU  m  %  remarkably  high 
degree.  These  substances  form  the  first  order  of  the  se- 
cond class,  and  have  received  the  name  of  HaLndes. 

Eerate  is  a  transUtion  of  Horn-ore  (to  wiiich  Qjuickalver 
Horn-ore  likewise  belongs),  suppressing  only  the  word  ore, 
a  name  to  which  these  substances  are  not  entitled.  In 
Mineralogy,  we  find  very  often  comparisons  with  hoin, 
sometimes  not  in  a  proper  place,  as  in  homstone,  horn- 
blende, homslate,  &c.  It  may  be  tolerated  in  the  Ke- 
ntes,  though  its  apptication  is  not  the  consequence  of  its 
particular  merits. 

§•  S37.   KAM£  OF  THE  GENUS. 

In  the  genus,  the  name  of  the  order  Is  more  re- 
stricted by  aHmectiog  another  word  with  the  name 
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>rim  in  I  • 


of  the  order ;  and  thus  the  product  is  a 

name,  which  is  (he  Name  of  the  GenuSj  or  the  Ge- 

neric  Name, 


The  generic  name  should  refer  to  the  natund-historical 
properties  of  the  genus ;  and  it  should  therefore  express,  as 
much  as  possible,  some  strikii^  feature  of  its  resemblance 
with  other  bodies.  Such  is  the  name  Gamet^bknde,  The 
genus,  des^ated  b  j  this  name,  belongs  to  the  order  Blende  $ 
the  individuals  which  it  contains  yery  often  look  like  garnet. 
This  garnet-like  appearance,  however,  is  not  a  similarity  of 
that  kind,  upon  which  the  classification  of  the  genus  mig^t 
depend ;  besides,  this  classification  must  precede  both  no- 
menclature (§.  840.)  and  chancteristic  (g.  247.).  There 
can  be  no  doubt,  that  for  the  nomenclature  of  a  synthetical 
system,  no  better  mode  of  constructing  the  generic  names 
could  be  invented.  ,  Nomina  generica^  qua  charaderetn  etten^ 
tialem  vel  kdbUum  Cplanta/  exhibent,  optima  tttnt  HtMitu  in» 
dkat  timUUttdiittfHt  qua  exdtatur  ideoj  et  ex  idea  nometu  LiHX. 
FhiL  Bot  240.  This  mode  of  nomenclature,  however,  could 
not  be  applied  to  eveiy  genus,  without  introducing  a  great 
many  new  words,  which  is  attended  with  all  kinds  of  disad- 
vantages, and  must  therefore  be  carefiilly  avoided.  On  this 
account,  two  different  methods  have  been  lesorted  to.  In 
many  instances  common  trivial  names  have  been  employed 
in  forming  generic  names ;  in  others  these  names  have  been 
derived  irom  a  property  which  is  not  a  natural-historical 
one.  According  to  the  first  process  were  obtained  the  names 
of  Feld-spar,  Augite-spar,  Triphane-spar,  Disthene-spar, 
Azure-spar ;  according  to  the  second  process,  Iron-pyrites, 
Cobalt-pyrites,  Lead-gUnce,  Molybdenapglance,  Sdiecliiim<« 
baryte,  Iiead.bary  te,  and  others.  The  latter  of  these  names 
really  have  a  chemvaltotind :  but  they  have  jn  the  present 
place  no  themical  meaning;  and  it  is  only  the  meaning 
which  must  here  be  taken  into  consideration.  The  genera 
Iron-pyrites,  NickeL-pyrites,  Cobalt-pyrites,  the  genera 
Uranium-ore,  Chrome-(Nre,  Manganese-ore,  &c.  wee  not 
assembled  because  they  contain  the  metals  of  which  they 
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betr  the  names;  but  bectuie  the  first  are  Pjnitest  the 
second  Ores.  Many  minerals  indeed  contain  the  said  me* 
talsy  and  yet  are  not  joined  to  these  spedes  within  the 
same  orden.  Thus  the  aboye  mentioned  names  not  only 
become  innocuous,  but  they  are  even  useful,  in  as  mudi  as 
they  convey  the  idea,  though  not  a  natural-historical  one,  of 
the  quality  of  the  contents  to  which  these  bodies  owe  their 
application  in  the  arts.  Yet  they  would  not  have  been 
•  employed,  but  fiir  the  above  mentioned  rule  in  the  constnic- 
..  tion  of  a  new  nomendature,  not  to  introduce  too  many 
new  wordSi 

In  the  names  of  two  of  the  orders,  Gem  and  Metal, 
an  exception  seems  to  have  been  made  from  the  general 
process  of  applying  compound  names  to  the  genera,  which 
at  the  same  time  should  express  the  orders.  The  name  of 
the  order  is,  however,  only  suppressed  in  these,  because 
to  a  certain  extent  it  is  understood  from  itset£  Every 
body  knows  Gold,  Silver,  Bismuth,  Tellurium,  Ac  to  be 
metals,  and  the  names  Gold-metal,  Silver-metal,  &c.  would 
certainly  not  meet  with  general  approbation.  It  is  the 
same  with  Diamond,  Topaz,  Zircon,  &c.  Nobody  would 
approve  of  the  names  IMamond^m,  Topaz-gem,  Zircon* 
gem,  Ac  The  name  of  a  metal,  and  the  name  of  a  gem, 
thexefore,  signify  by  themselves  the  order  to  which  the 
one  and  the  other  belongs.  The  only  genus  of  the  order 
Sulphur  has  as  yet  no  generic  name. 

§•  238.  DENOMINATION  OF  THE   SPECIES. 

The  nearer  restriction  of  the  generic  name  to 
the  species  is  effected  by  an  adjective.  Thus  ihe 
DenominaHon  of  (he  Species  is  produced. 

The  adjective,  with  which  the  species  is  designated  with- 
in its  genus,  must  be  taken  from  its  naturalJiistorical  pro- 
perties, and  if  posdble  so  selected,  that  it  refers  to  one 
of  those  properties  of  the  species  which  are  most  useful  in 
distinguishing  it  from  other  species  of  the  same  genus.  To 
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this  end,  the  most  dednble  are  the  systems  of  crystalliaa- 
tiion  sod  the  xelations  of  deavage.  Examples  are,  hexahe- 
dnl,  prismatic,  riiembohedral  Iron-pyrites  ;  rhombohednd, 
octahedral,  dodecafaedral,  prismatic  Corundum ;  rfaombohe- 
dral,  octahedral,  prismatic  Iron-ore,  and  many  others.  If 
two  or  three  species  of  a  genus  belong  to  one  system  of 
crystallisation,  one  of  them  retains  the  adjectire  ezpress- 
,  ing  the  system ;  the  others  receive  a  denomination  taken 
from  a  general  property  of  ciystallisation,  or  of  clear- 
age,  as  in  peritomous  and  pyramidal  Titanium«ore,  in 
prismatic,  prismatoidal,  hemi-prismatic,  and  paratomous 
Augite-^ar,  in  rhombohedral  and  peritomous  Uuby-blende, 
in  rhombohedral,  macrotypous,  brachytypous  and  panto- 
mous  lAme-halolde,  and  several  others.  In  the  same  man- 
aer  have  also  been  employed  the  adjectives  axotomous, 
diatomous,  diprismatic,  and  prismatoidal,  agreeably  to  the 
explanations  given  above,  l^he  adjectives  undeavable  and 
native  should  be  retained,  only  till  the  cleavage  or  the  form 
of  those  species  to  which  they  are  now  applied,  will  be  as- 
certained. Only  a  few,  iar  want  of  better,  have  been  taken 
firom  colours,  none  from  localities  or  persons,  nor  has,  in 
any  instance,  the  adjective  common  been  employed,  which 
is  indeed  the  worst  of  alL  The  natural  quality  of  the  spe- 
cies contained  in  the  three  first  orders  of  the  first  class, 
and  in  the  second  order  of  the  third  class,  has  produced  the 
necessity  of  deriving  adjectives  from  other  rektbns,  which 
would  else  not  have  been  applied. 

§.  SS9.  BSPBESBNTATIOK  OF  THB  8PBCIB8  THB0U6H 

1T8  J>EMOMINATIOV« 

The  systematic  denoaunation  produces  a  repre- 
sentation of  the  species.  This  nevertheless  cannot 
be  substituted  in  the  place  of  the  character  in  the 
Characteristic,  nor  of  the  general  description  in  the 
Physiography. 

It  is  not  a  small  advantage  of  that  systematic  nomencla- 
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ture,  which  relen4oaiiatunl  or  ajiUhetical  system,  to  create 
an  image  of  the  olject  to  which  it  refers,  by  means  of  its  de- 
nominations, which  never  can  be  erroneous,  though  it  may 
be  insufficient.   The  trivial  nomenclature  can  never  reader 
this  service,  how  perfect  soever  it  may  be  in  respect  to  its 
peeuKar  properties.  If  we  hear  the  name  RutUcj  and  do  not 
know  the  species  itself  to  which  it  belongs,  we  never  can 
imagine  any  thing  like  a  representation  of  the  olgect, 
thougli  fi>r  the  rest,  our  knowledge  of  Mineralogy  may  be 
very  extensive.    li^  on  the  contrary,  we  hear  perUemtmi 
TUtutUtm'Orgj  and.have  only  an  idea  of  the  order  Ore,  this 
at  once  will  produce  a  general  image  of  the  qieciea,  which 
wiU  be  still  more  restricted,  if  we  have  some  idea  of  the 
genus  TVottiam-ore.    But  we  may  indeed  suppote  tiWii  every 
penon  potseuet  an  image  qfihe  orden  and  genera  in  hie  mind^ 
vho  it  in  eome  degree  acquakOed  wHk  the  Natnrai  Hiatorff  rf 
the  Mineral  Kingdom,  *  If,  besides,  we  attend  to  the  cleav- 
age, which  is  peritomous,  this  will  suffice,  by  the  mere  de- 
nomination, for  distinguishing  the  varieties  of  peritomous 
Titanium-ore  finom  those  of  the  prismatic  or  the  pyrami- 
dal Titanium-ore.    The  denominations  may  be  still  more 
useful,  if  they  express  the  cleavage  more  minutely,,  or  if 
they  refer  to  the  system  of  ciystaUisation.    By  the  deno- 
mination hexahedral   Iron-pyrites  we  learn,  that  in  the 
order  Pyrites,  the  species  belongs  to  the  genus  Iron-pyrites, 
and  the  adjective  hexahedral  signifies  that  its  forms  belong 
to  the  tessukr  system,  and  that  cleavage  takes  place  in  the 
direction  of  the  foces  of  the  hexahedron.    An  image,  thus 
produced  of  the  species  by  the  mere  denomination,  is  in- 
deed very  usefuL    Yet  it  cannot  serve  as  a  substitute  to 
the  character  in  respect  to  the  process  of  determining  an 
individual,  by  the  asdstance  of  the  Characteristic,  nor  can 
it  be  employed  instead  of  the  Oeneral  Description,  for  re- 
presenting the  varieties  of  the  species*    For  commonly  it 
contains  only  one  character,  in  most  cases  a  veiy  generd 
one,  and  refers  besides  to  images  or  representations,  which 
can  only  be  acquired  by  ocular  inspection,  and  never  can 
receive  the  precision  of  a  character,  nor  that  exact  «)ea  of 
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the  speciesy  which  is  produced  by  the  general  deflcription. 
Tlie  chancten  contain  every  thing  required  for  a  correct 
distinction  within  their  spheres  the  general  descripUons 
contain  eyecy  thing  required  to  a  perfect  natiual-historical 
knowledge  of  the  species  itsel£ 

It  will  not  remain  unnoticed  by  those  who  consider  an 
empirical  knowledge  of  the  productions  of  the  Mineral 
Kuigdom  as  a  valuable  acquirement,  that  the  methodical 
way  is  the  only  one  which  leads  to  this  end  with  the  great- 
est ftdlity ;  and,  what  is  still  more  important,  with  the 
greatest  exactness  and  security,  while  every  other  attempt 
■Bust  remain  finiitless. 

.§•  S40.   SYSTEMATIC  HOHSNCLATCES  HOW  TO  BE 

JUDGED  OF. 

The  systematic  ncunendature  presupposes  a  sys- 
tem,  to  which  it  refers ;  and  upon  the  due  conside- 
ration of  this  system  must  necessarily  depend  a 
complete  judgment  of  the  nomenclature.  The  sys- 
tem requires  a  systematic  nomenclature^  in  order 
to  be  applicable  to  the  objects  of  experience. 

Although  the  first  part  of  this  proposition  immediately 
follows  from  the  very  idea  of  a  systematic  nomenclature 
(§.  230.),  yet  it  seems  necessary  to  add  here  a  few  remarks. 

The  reason  why  as  yet  there  has  not  existed  a  aystema- 
tic  nomenclature  in  Mineralogy,  was  the  want  of  a  system, 
capable  of  serving  as  basb  to  a  systematic  nomenclature,  a 
system  which  for  that  purpose  would  have  required  to 
contain  correctly  determined  species,  arranged  according 
to  the  general  principles  of  Natural  History.  Several 
attempts  have  been  made  to  construct  a  Latin  syste- 
matic nomenclature;  they  have  not  succeeded,  because 
the  systems  to  which  they  referred,  did  not  possess  the 
necessary  properties.  The  celebrated  Abbe  Hauy  ac- 
knowledges indeed  the  great  value  of  a  systematic  oo. 
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menditure,  jet  only  a  parC  of  that  nomeiicktuie, 
he  applies  himsell^  is  systematic,  the  rest  is  trivial  no- 
mendatiue.  This  mixed  nomenclature  is  a  oooseqnenoe 
of  a  mixed  system  $  and  proves  that  the  nomenclature  can. 
not  acquire  uniformity,  unless  the  system  rest  upon  simple 
prindides.  Minendc^,  as  hitherto  treated,  has  amply 
demonstsated  this  observation.  Zoology  and  Botany  pmve 
the  revene.  These  parts  of  Natural  Histoiy  have  always 
proceeded  according  to  one  and  the  same  principle,  and  on 
this  account  they  have  long  ago  possessed  the  advantage  of 
a  systematic  nomendature. 

It  appears  evidently  from  the  preceding  observations, 
that  the  systematic  nomenclature  must  be  judged  of  ais 
cording  to  tbte  system  to  which  it  refers.  If  tUsbe&und- 
ed  upon  relations  i^iperfauning  to  the  science,  and  if  its 
different  parts  be  consistent  with  edbh  other;  that  is  to 
say,  if  it  fulfil  the  above  mentioned  demands  of  Natural 
HJstoiy ;  the  whole  business  of  nomenclature  will  be  to 
express  this  system  by  words,  so  that  it  becomes  possible 
fiiom  the  denomination  of  a  species  to  infer  the  connexion  in 
which  it  stands  with  others.  The  nomendattire,  moreover, 
should  not  be  contrary  to  the  spirit  of  the  language  ;  its 
expressions  should  be  concise  and  intelligible,  and  the  de- 
nominations, if  possible,  should  be  expresrive  of  the  objects 
themselves.  These  are  the  chief  properties  of  nomencla- 
ture, upon  which  its  applicability  depends.  It  will  thus 
allow  of  all  those  improvements  and  refinements,  or,  in 
general,  of  all  those  changes,  which  are  rendered  neccasaiy 
by  the  continual  advancement  of  our  knowledge  r^atding 
the  productions  of  the  Mineral  Kingdom. 

The  olgect  of  the  systematic  nomendature  is  to  pronote 
and  fiwilitate  tiie  application  of  the  system  to  nature^  or  to 
the  data  of  observation.  For  while  we  attribute  certain 
names  or  denominations  to  the  natural  productions,  we  ar- 
range them  at  the  same  time  under  the  general  ideaa  of 
the  system;  the  system,  however,  is  constructed  for  the 
purpose  of  collecting  the  variety  of  nature  within  its  ge- 
nenl  ideas,  and  thus  reducing  it  to  a  unity,  in  order  to 
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enaUe  us  to  gurrej  and  to  undentand  it,  and  to  aoqfuire 
some  more  exact  knowledge  of  it,  than  that  which  consiBta  in 
a  mere  work  of  memory.  The  system  would  lose  its  applica- 
tion if  there  was  no  nomenclature,  and  both.  System  and 
Nomendature,  appear  therefore  equally  important  in  re- 
spect to  the  idea  of  Natural  History,  and  they  are  connect- 
ed with  each  other  by  means  of  the  Characteristic. 

§.  £41.   TBIYIAL  KOMSNCLATITAX. 

In  the  trivial  nomenclature  the  name  is  fixed 
upon  the  species. 

The  triyial  nomenclature  does  not  express  the  connexion 
among  those  bodies,  which  it  provides  with  names.  Any 
name,  not  destined  to  express  this  connexion,  is  termed  a 
T^rMal  Name^  which  rests  accordingly  upon  the  lowest 
idea  of  the  system,  that  is  to  say,  upon  the  species.  The 
meaning  attached  here  to  a  trivial  name  is  somewhat  differ- 
ent from  the  triyial  name  as  defined  by  LiKXJsirs.  The 
latter  consbts  of  a  mere  a(f}ective,  substituted  for  the  cha- 
racter of  the  species :  it  is  not  properly  a  name  (§.  232.), 
and  can  therefore  never  be  used  by  itself^  but  only  in 
connexion  with  a  name,  as  a  denomination. 

It  is  a  custom  generally  received,  and  in  no  way  olgec« 
tionable,  to  provide  the  natural  productions,  and,  above  all, 
those  which  are  used  in  the  arts  of  Ufo,  with  particular 
names,  which,  on  account  of  their  conciseness  and  simplici- 
ty, are  more  convenient  for  use  than  the  long  and  compound 
systematic  denominations.    Moreover,  it  is  supposed  here, 
that  we  are  already  acquainted  with  the  object  thus  named, 
or  the  name  at  least  is  not  meant  to  express  some  farther 
information,  and  so  they  are  destined  as  it  were,  for  a  less 
strict  or  scientific  employment.    But  it  would  be  blame- 
able  indeed,  if,  for  the  trivial  nomenclature,  we  should  ne- 
glect the  systematic  one,  and  thus  betray  an  indifference 
towards  the  science  itself,  which   could  not  but  produce 
evil  consequences. 
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Together  with  the  knowled^'of  the  bodies  themflelres, 
the  trivial  nomenclature  likewise  supposes  that  of  the  con* 
nexion  in  which  they  are  with  others.  Hence  it  siqiposea 
the  systematical  nomenclature;  and  it  is  evident,  there* 
fore,  that  although  it  may  exist  beside  it,  yet  it  never  can, 
instead  of  It,  fulfil  the  demands  of  Natural  History. 

The  properties  requisite  in  trivial  names,  may  be  very 
easily  inferred  from  the  preceding  observations.  Their 
chief  recommendation  consists  in  tiieir  simplicity ;  they 
must  be  simple  names  (§.  282.).  For  a  compound  name  ex- 
presses a  connexion  or  a  relation  with  other  objects,  with 
which  trivial  nomenclature  has  nothing  to  do,  and  leftn 
to  a  system,  which  does  not  exist,  at  least  not  in  respect  to 
the  trivisl  nomendatuxe.  The  names,  Sp^tui^  for  dodeca- 
hedral  Corundum ;  Eudas,  iar  prismatic  Emerald ;  RmtUt^ 
for  peritomous  Titanium-ore,  are  excellent  trivial  name^ 
The  name  Hamblemde^  if  applied  to  a  species,  sui^xises  a 
genus  Blende,  which  does  not  exist  in  any  of  the  systems 
in  which  that  name  has  been  used ;  if  it  be  supposed  to  re- 
fer to  one  or  to  several  varieties,  it  will  suppose  the  exist- 
ence of  a  species  Blende ;  to  which,  however,  in  these  sys- 
tems, hornblende  does  not  belong.  Examples  of  this  kind, 
of  which  a  great  many  more  might  be  quoted,  are  calculat- 
ed to  shew,  that  there  exist  rules  even  in  respect  to  the  tri- 
vial nomenclature,  which  it  is  indispensable  to  oibeerve,  if 
we  intend  not  to  con^nd  those  ideas,  which  it  b  the  pur- 
pose of  the  system  to  explain,  and  the  purpose  of  nomen- 
clature to  preserve  in  their  purity.  Compound  trivial 
names,  moreover,  without  either  the  necessity  or  the  advan- 
tage, produce  all  the  difficulties  of  a  systematic  nomencla- 
ture. And  yet,  the  only  motive  of  introducing  a  trivial 
nomenclature  is  to  avoid  these  difficulties ;  hence  it  appears 
that  compound  trivial  names  are  entirely  to  be  rejected. 

It  requires  but  a  limited  knowledge  of  the  object  to  un- 
derstand, that  the  difficulties,  connected  with  the  construc- 
tion of  a  good  trivial  nomenclature,  posses^g  the  required 
properties,  by  far  surpass  those  which  attend  the  construc- 
tion of  a  systematic  nomenclature.    Many  names  contain. 
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ed  in  several  of  the  systems  of  Mineralogy  hitherto  pub- 
iiahed,  might  be  of  use  in  the  copstruction  of  a  good  trivial 
nomenclature ;  they  should  be  collected  and  properly  com- 
pleted. The  difficulty  of  introducing  a  nomenclature  of 
this  kind,  even  though  it  were  acknowledged  as  useful, 
will  be  probably  found  greater,  than  if  it  had  been  syste- 
matic. On  account  of  the  great  difficulties  in  establishing 
certain  and  general  rules  in  the  selection  of  trivial  names, 
there  will  always  remain  some  arbitrariness,  which  is  un- 
avoidable, and  will  form  the  principal  impediment  of  a 
general  agreement  in  this  respect 

The  naturaUiistorical  determination  of  natural  produc- 
tions, does  not  go  beyond  the  species  (§.  222.).  The  syste- 
matic nomenclature,  therefore,  must  stop  at  the  denomina- 
tion, the  trivial  nomenclature  at  the  name  «f  the  species. 
The  disadvantage  arising  to  the  systematic  nomenclature, 
from  a  vrant  of  attention  to  this  rule,  consists  in  the  dr« 
cumstance,  that  the  denominations  become  composed  of 
too  many  words,  because  they  require  at  least  two  a^jee- 
tives.  If  the  trivial  nomenclature  applies  names  to  parti- 
cular varieties,  as  Amethyst,  Prase,  Adularia,  Amiantus, 
Anhydrite,  &c.  the  idea  of  the  species  becomes  too  much 
dismembered.  If  it  produces  denominations  by  adding 
a^j^tives  to  the  names  of  the  species,  it  assumes  the  ap- 
pearance of  a  systematic  nomenclature,  neither  of  which  pro- 
perties would  serve  to  its  recommendation.  . 


PART  IV. 

CHARACTERISTIC. 

§.  24S.  DEFINITION. 

The  Characteristic  is  the  assemblage  of  certain 
natunil-historical  properties,  arranged  according  to 
a  certain  system^  for  the  purpose  of  distingtsish- 
ing  the  unities  contained  in  this  system. 

Anjr  axigie  natural-historical  propertj,  or  a  collection  of 
mveal  of  them^  if  it  be  subservient  to  the  distinction 
of  seTeral  species  of  a  genns,  or  of  several  genera  of  an 
order,  or  of  several  orders  of  a  dass,  Ac.  is  termed  a  Cka» 
racfer^  and  the  single  properties  it  contains  are  its  Charac^ 
terUHe  Termt  or  Markt,    If  a  character  contains  onlj  one 
characteristic  mark,  this  mark  itself  represents  the  character. 
Without  a  system,  there  cannot  exist  a  character ;  and 
therefore  likewise  no  Characteristic,  because  the  distinction 
of  several  bodies,  bj  means  of  characters,  takes  place  onlj 
within  the  unities  of  the  system.  Thus  it  becomes  posdble 
that  a  character  may  contain,  or  be  limited  to  a  single  one,  or 
a  small  number  of  characteristic  marks.    A  character  calcu* 
lated  for  distinguishing  one  nngle  species  from  all  other 
species,  to  whatever  genera  or  orders  they  might  belong ; 
that  is  to  say,  a  general  character,  would  require  the  enu* 
mention  of  ail  the  natural-historical  properties  of  the  spe- 
cies, as  its  characteristic  marks.    But  this  enumeration  of 
all  the  properties  of  a  natural  production,  is  its  Detcriptkm 
(§.  27.),  which  is  beyond  the  limits  of  the  Characteristic, 
and  enters  those  of  Physiography. 

The  term  natural  character  is  applied  by  Likkjeus  to 
the  description.  Among  its  properties,  he  mentions  that 
it  contains  all  the  characteristic  marks,  of  the  genus  in  Bo- 
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tany,  to  which  everj  thing  LivKiBirs  wye  of  chancten, 
more  particularly  refers;  NaiuraSU  character  noiat  omnci 
gmerkat  potnMUt  aUegai  ;  adeoque  Ettentiakm  et  FadUium 
inciudiL  JLixK.  PhiL  Bot.  189.  He  likewise  says,  that  it 
is  invariable  and  not  dependent  upon  the  system;  and  that 
it  may  serve  for  every  system;  intervU  <mmk  tyttemoH; 
Basin  ttcmU  naoU  tyttematibut^  immutatut  pertitHtj  hcet.  <it« 
JMia  genera  nova  detegtretUur.  LiKir.  PhiL  Bot  ibid.  These 
properties  do  not  belong  to  a  Character  properly  so  called ; 
but  they  are  essential  to  the  General  Description.  The 
preceding  observations  contain  the  reasons  why  I  have 
thou^t  neoessaxy  to  abandon  the  denominations  used  by 

LiVNJKUS. 
§•  S4f8.  NATURAL  AKD  ARTIFICIAL  CHARACTERS. 

If  the  system  to  which  the  character  refers  is 
the  natural  or  synthetical  system,  also  the  cha- 
racter is  said  to  be  a  natural  one ;  if  the  system  is 
an  artificial  or  analytical  one,  it  likewise  contains 
artificial  characters. 

This  is  the  correct  idea  of  a  natural  and  of  an  artificial 
character,  which  gives  no  occasion  to  ambiguities.  Estenm 
tialis  dtarader  umea  idea  dUHnguit  Genus  a  congeneribus  suis 
wub  eodem  ordkie  nat»ralU  LiKK.  PhiL  Bot.  187.  FactUUts 
character  Genus  ah  o/tw,  efusdem  tantum  ordinis  artyicialisy  diu 
tinguiL  LiKK.  PkiiL  Bot.  188.  This  natural  character, 
therefore,  must  not  be  considered  as  something  produced 
by  nature,  for  nature  does  not  institute  comparisons  be- 
tween  its  productions,  from  which  the  natural  character 
might  be  derived.  It  seems  not  to  be  exactly  in  harmony 
with  the  idea  of  this  character,  to  call  it  an  essential  one, 
since  it  depends  upon  the  properties  of  the  oljects  (orders, 
geneia,  species)  compared,  and  is  a  result  of  their  compa- 
rison ;  so  that  by  the  discoveiy  of  new  genera  in  an  order, 
or  of  new  species  in  a  genus,  it  may  be  subject  to  altera- 
VOL.  1.  2  a 
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tioitt,  wBcfa  Witt  ner^r  eMie,  i&d  tbevelMrealwaTBlii^^ 
chancier  from  being  iniUUbltf,  tOl  erery  tfaing  Is  known 
which  nature  has  produced  within  that  kho^jdom.  ^mOm 
eharaeiar  U^MibUit  ert,  mOepi&m  memUum  tmrnt  mm  spmila 
ikteim  t$U  Ltnr.  Phtt.  Bot  108.  It  would  bo  poakue, 
on  tho  contraij,  to  catt  the  arttikial  ehaneter  an  rfirntiri 
one,  at  least  in  respect  to  a  eerUAm  ajBtem,  since,  as  it  will 
appear  afterwards,  it  is  the  foundation  of  the  divisions  in 
that  artificial  s/stem.  The  division  is  efibcted  ■«r«wlSiig 
to  genend  properties,  and  ereiy  individual  necesnrily  be- 
knigs  to  one  or  to  the  other  of  these  fiviflions,  in  as  ftr 
as  it  contains  the  cfaanctexistic  properi/.  Thus  the  artifi^ 
dal  character  is  not  dependent  upon  the  enlugenient  of 
our  knowledge  hy  experience.  Yet  even  here  it  is  better 
to  avoid  this  expression,  because  commonly  it  gives  rise  to 
aocessoiy  considexations,  wliicfa  may  lead  to  erroneous 


The  dendmination  of  the  diameters  eorresponds  with 
their  olgect,  so  that  we  have  Charactertqftke  Otitn^  Geaerie 
Character  i^  Sue 

§,  244.   PROPEBTIES  OF  THE  CHA11ACTEB& 

Tile  characters  must  be  suffideot  to  a  precise 
distmctioa  within  their  respective  sphere,  and  as 
short  as  the  necessary  <l^gree  of  evidence  in  the  d^ 
temuDadon  of  the  species  will  aUow. 


The  first  lequisito  is  an  immediate  oonsaquenoe  of  the 
yMXj  idea  of  a  chaneter.  Chanicten  are  entivdj  useless, 
if  they  serve  fiir  the  distinction  onlf  of  aome  of  the  spedea 
contained  within  their  genus,  or  of  some  of  the  genera  con- 
tained within  their  order.  If  a  single  characteristic  mark 
suflice  for  a  general  distinction,  this  maik  will  represent 
the  character  itself:  if  not,  severs!  of  them  must  be  ap- 
plied in  connexion,  and  thus  form  the  character.  A  com* 
pound  chaneter  of  this  kind  cui  only  belosg  to  a  natwri 
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^yvtem,  becoitte  oolj  in  this  it  is  poMible,  that  one  ringls 
duuracteristic  tenu  should  not  be  found  suffideni  for  a  ge<> 
iienl  diatinetioD*  This  natual  cfaanetar  it  ia»  which  re- 
qttiras  the  greatest  possible  CiMciiMCM  and  I7iif/^rnii<y« 
CkarmeUr  e«w«fiaiif»  fm  (fiMor,  €0  tUam  frmttamtior  eti. 
I^MV.  PbiL  BoU  187>  The  shorter  the  chamcter  is,  the 
more  ftcUitj  and  oertaintj  it  will  aiSoird  to  the  distincticm ; 
and  tins  fiudlitj  and  certaint/  it  is,  which  we  demand  in  a 
character.  Hie  more  uniformlj  we  arrange  the  cbarac« 
ters  of  the  same  lund,  the  Jess  likely  we  ai«  to  omit  any 
ckiaracteristic  marks.  Hence  the  characters  should  not 
contain  any  thing,  but  what  is  imavoidaUj  required  for 
the  distinction  and  the  eTidence  in  the  determination  of  the 
tpedm ;  and  every  superfluous  word,  erery  word  of  an  am- 
biguous  signification,  is  reprehensible ;  so  la  every  restric-' 
tion  in  regard  to  time,  or  other  relations,  and,  above  all, 
every  verbal  exception,  quite  contrary  to  the  idea  of  a  cha« 
racter.  Even  now,  at  least  in  respect  to  the  Natural  Hid« 
tory  of  the  Mineral  Kiqgdom,  it  is  not  superfluous  to  add  s 
Oratorio  ttyh  ki  f^iaraetere^  nil  magis  aiomimMle.  Livir< 
Phil.  Bot.  199. 

The  fa]|^erthe  degree  of  dassiflcation,  withia  the  sphere 
of  which  the  distinction  is  to  take  place,  the  more  it  is  ne- 
cessary to  bestow  all  possible  attention  upon  the  above 
mentioned  properties  of  the  characters.  For  if  the  first 
distinction  be  not  evident  and  contet,  the  subsequent  ones 
will  be  still  less  worthy  our  consideration.  It  is  obvious 
that  the  chaiacters  wiU  acquire  the  prepcrtiea  of  eoncise- 
ness  and  umformity  to  a  comparatively  higher  degree,  the 
more  the  syston  corresponds  to  nature,  in  proportion  like- 
wise to  the  correctness  and  eonristency  within  itseU^  with 
which  it  expresses  the  relations  of  the  natural-historical 
rescmblancB.  The  diaracters  of  the  classes  and  of  the  ge- 
nen  possess  these  properties  to  a  considerable  extent  Only 
the  diancters  of  some  of  the  orders  in  the  second  daas  are 
longer,  they  contain  more  characteristic  marks,  than  it  is 
SedbRBble  they  should  contain.  Though  in  this  degree  of 
classification  the  variety  in  the  eonneximi  among  the 
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DfttunUiistoTical  propertieB  of  the  individuals  has 
occasioned  great  ^fifficultiM  in  characterising  the  ordeoy  as 
is  veiy  conoeiyable,  yet  thej  have  not  heen  prqjudidiA  to 
the  correctness  of  the  determinaticm.  This  oonectness  be- 
comes perfectly  evident  if  we  consider  the  orders  in  nature, 
and  particularly  those  in  wluch  the  characters  surpass  all 
the  others  in  extent.  Although  these  characters  do  not  in 
the  same  degree  possess  shortness  and  uniformity,  ta  the 
characters  of  the  classes  and  genera,  yet  they  are  not  on 
that  account  difficult  in  their  application,  because^  as  it  will 
appear  more  clearly  afterwards,  the  student  is  yeiy  seldom 
under  the  necessity  of  going  through  them  from  beginning 
to  end,  sinoe,  if  the  individual  in  question  do  not  belong 
to  the  order  with  the  character  of  which  it  is  compared, 
one  or  a  few  characteristic  marks  will  afford  suflScient  reiu 
sons  for  its  exclusion. 

In  on  artificial  system  the  Characteristic  meets  with  no 
difficulty  whatever ;  because  it  ib  effected  by  the  very  dis- 
tribution in  producing  the  system.  The  characters  there- 
lore  must  necessarily  possess  the  required  properties,  since 
they  are  the  foundation  of  the  system,  and  on  that  account 
eannot  but  be  generally  distinctive  in  their  sphere,  and 
consist  of  a  single  characteristic  mark.  It  is  otherwise  in 
the  natural  system.  Having  arranged  the  unities  of  das- 
rification,  particularly  the  orders  of  tins  system  in  nature, 
we  find  by  the  mere  inspection,  that  they  essentially  differ 
fixnn  each  other.  As  has  been  remarked  above,  this  is  the 
best  means  of  convincing  ourselves  of  their  conformity  to 
nature.  But  if  we  endeavour  to  reduce  these  differences 
to  single  characteristic  marin,  and  to  express  them  verbal- 
ly in  the  characters ;  we  have  to  struggle  with  an  almost 
endless  variety,  which  either  deprives  most  of  the  charac- 
ters of  their  generality,  or  renders  them  too  general ;  in 
both  of  whidi  cases  they  cease  to  be  applicable,  since  they 
leave  nothing  but  the  choice  between  a  tiresome  prolixity, 
and  a  still  greater  uncertainty  and  want  of  predsion. 
Under  such  circumstances,  it  would  not  be  very  promising 
to  attempt  the  construction  of  a  Characteristic,  weoe  it 
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not  for  the  pofisibilitj  of  removing  their  dindvantageous 
influenoe  upon  the  propertiee  of  the  characten. 

§•  S45.    ABSOLUTE  AND  CONBITIOKBD  CHABAGTEB- 

I8TIC  MABX8. 

A  characteristic  mark  is  said  to  be  absolute, 
which  is  by  itself  distinctive  within  its  sphere; 
another  which  is  only  disdnctive  under  certain  cir- 
cumstances or  restrictions^  is  called  a  conditioned 
characteristic  mark* 

The  method  by  which  marks  which  are  not  general,  or 
which  are  distinctive  only  under  certain  drcumstancesand 
restrictiona,  may  yet  be  rendered  applicable,  consists  in 
adding  these  circumstances  in  the  form  of  conditions  under 
which  these  marks  become  distinctive.  Instead  of  the 
characteristic  marks  themselves,  their  relation  to  each 
other  is  empbyed,  and  thus  they  become  conditioned 
characteristic  marks. 

It  is  a  disagreeable  necessity  to  be  forced  to  employ  such 
conditioned  marks  in  the  characters ;  the  method,  however, 
in  which  it  has  been  effected,  prevents  any  disadvantage- 
ous consequences  which  might  arise  from  them  in  the 
use  of  the  Characteristic :  they  have  no  prejudicial  influ- 
ence  whatever  upon  the  brevity,  the  fiidlityin  the  appUca- 
tioD,  the  precision  and  certainty  of  the  chaiacters.  Ac- 
eording  to  the  arrangement  imiformly  given  to  the  condi- 
tioned characteristic  marks,  the  condition,  which  consists 
IB  nothing  else  but  in  the  presence  of  a  certain  property,  is 
prefixed  to  the  conditionate  property,  and  separated  firom  it 
by  this  sign  (: ).  Thus,  in  the  simplest  case  they  will  be  ex- 
pressed by  two  words,  in  more  compound  cases  by  at  least  a 
very  small  number  of  words,  the  employment  bdog  exactly 
the  same  as  that  of  absolute  characteristic  marks.  If,  for 
instance,  a  solid  mineral  shall  belong  to  the  first  dass,  it 
must  be  tacgid ;  and  the  character  of  this  dass  is  tl^relbre, 
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«« Solid:  taste;**  where  solidity  is  the  eoodition  under  which 
the  property  of  exdtiiig  some  tsste  mutt  neoessnilj  take 
phbce.  The  characters,  and  every  suigle  mark  whidi  they 
contain,  must  be  taken  Utemlly  i  and  they  admit  of  no  explap 
nation  or  other  accessory  significations,  but  that  whidi  is 
really  ei^pressed  by  the  words.  In  the  instance  just  men- 
tioiied,  it  would  be  erroneous  to  inftr,  that  if  a  mineral 
which  shall  belong  to  the  first  dass  is  not  solid,  H  must  be 
insipid.  The  charuter  does  not  express  this ;  and  it  is 
therefore  quite  indifferent  whether,  if  not  solid,  the  mine- 
ral has  any  taste  or  not.  Sometimes  the  conditioning  part, 
sometimes  the  conditioned  part  of  the  characteristic  loaii, 
at  other  times  both  of  them,  are  compound.  Yet  the  em- 
ployment of  the  conditioned  characteristic  mark  is  not  dif- 
ferent firom  that  of  the  absolute  ones,  as  explained  abore. 

§•  246.    AEEAH6EMSKT  OF  THfi   CUAEACTEAS  OP 

THE  SPECIES. 

The  amogement  of  the  characters  of  the  spedes 
must  be  such,  that,  by  their  assistance,  the  deter- 
mination of  the  individuals  receires  the  greatest  evi- 
dence  which  the  science  can  possibly  produce. 

The  only  thing  we  may  reasonably  demand  from  the 
chaneters  of  the  classes,  the  orderi  and  genera,  is,  that  they 
should  exclude  every  individual  which  does  not  belang  to 
them,  and  that  they  should  not  exclude  those  which  these  nni. 
ties  comprehend.  It  is  quite  indifieient  by  what  properties, 
and  in  what  manner  this  is  eflfected,  provided  the  properties 
besuffleietttlbra  general  distimction  within  theirohm,  and 
the  method  agreeable  to  the  principles  of  Natural  History. 
The  chaiacler  of  the  species  requires  something  anoreb 
For  here  the  object  of  our  inquiry  is  not  only  to  know  that 
a  given  individual  is  not  excluded  finom  a  certain  ^ledes, 
but  we  wish  to  find  out,  and  to  convince  ouraelves,  that  it 
really  does  belong  to  that  species.    For  this  reason  the 
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character  of  the  spedes  should  oontain  marioi  which,  if  not 
alwajSy  ftt  least  verj  often  may  be  supezfluoua  in  respect  to 
the  mere  prooeae  of  distinction.  The  genus  Emerald  oon- 
tains  two  species^  prismatic  and  rhombohedrai  Emerald. 
For  the  sake  of  mere  distinction,  the  character  of  each  of 
these  species  need  not  to  contain  any  thing  beadea  the 
iQratem  of  crystallisatioii,  or  the  limits  of  spedflc  gravity, 
ftr  these  likewise  would  su£Sce  for  ^istiiy  lishing  the  two 
species.  A  third  species,  howerer,  might  exist,  besideB  the 
two  species  abore  mentioned  i  a  species  which,  on  account 
of  its  naturalFhistorical  properties,  did  bdong  to  the  genus 
Emerald,  and  that  species  might  agree  with  one-  or  the 
other  of  these  in  the  above  mentioned  characteristic  marks. 
In  order  to  assure  ourselTes  that  an  individual  belonging  to 
the  genus  Emerald  entera  ^ther  within  the  spedea  of  the 
prismatic  or  of  the  riiombohednd  Emerald,  their  chancten 
tfe  made  to  contain  a  greater  number  of  marks,  whose  pro- 
perties  leave  no  doubt,  upon  the  supposition  of  the  hudi* 
vidual  being  an  Emerald,  whether  and  to  which  of  the  two 
species  the  individual  belongs.  This  arrangement,  more« 
over,  prodttces  an  umformity  in  the  specific  cfaancterB, 
which,  according  to  what  has  been  staled  above,  is  one  of 
their  principal  qualities. 

The  specific  eharacteis,  therefime,  condst  chiefly  of  thnee 
marks  of  this  kind,  which,  wherever  the  quality  of  the 
apedes  would  aUow,  have  been  given  in  all  instances. 
These  are  the  erystaUine  forms  (induding  ckftvage),  the 
degrees  of  hiutfciesB,  and  the  specific  gravity.  The  first 
cfaancteristie  maik  in  Uie  spedflc  character  is  the  system 
ef  crystallisatioii.  Then  ibllows,  together  with  ito  angles 
^these  be  knownX  the  fundamental  fimn,  fimn  whidi  all 
the  other  sinqple  ind  compound  Ibrms  of  the  qiecies  may 
be  derived.  Of  riiembohedrons  the  terminal  edge  is  given  { 
fiff  instance,  in  rhombohedrai  lime-haldde,  R  m  106*  V ; 
of  an  isosceles  four-dded  pyramid,  fint  the  terminal  edge, 
then  the  lateral  edge ;  as  in  pyramidal  Zircon,  P  a  183* 
IIK,  84*  2<K;  of  a  scalene  four-dded  pyramid  the  obtuse 
terminal  edge>  the  acute  terminal  edge,  and  the  lateral 
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edge  in  succession ;  thus,  in  prismatic  Topaz,  Pa  14 r 
7',  lOr  62^,  90^  66',  &c  This  is  obseryed  in  eveiy  spew 
des,  where  the  fundamental  form  commonly  occurs  in  na- 
ture, and  therefore  maj  be  often  observed  ;  ^r  where  the 
combinations  do  not  present  any  peculiar  character,  as  the 
hemi-  and  tetarto-prismatic,  or  the  di-ihomb(diedral  ones, 
.  &c.  If  the  fimdamental  form  is  seldom  observable,  its  aisles 
are  not  indicated ;  in  their  stead,  however,  the  dtaractera 
contain  the  angles  of  such  derived  forms,  as  commonlj  are 
to  be  met  with  in  nature,  as  in  prismatic  Hal-hai^te 
Pt  a  106**  6';  (^r+  oo)*  a??"*  27'-  In  every  instance  re- 
garding  horuBontal  prisms,  that  angle  is  given  which  is  con- 
tiguous to  the  axis  of  the  fundamental  form,  in  vertical 
prisms  the  angle  corresponding  to  the  obtuse  terminal  edge 
of  the  fundamental  form.  If  the  combinati<ms  of  a  speciea 
possess  a  puticular  character,  the  Characteristic  indicates 
only  those  dimensions  of  the  fundamental  fonn,  which  cor- 
respond to  that  character,  and  therefore  are  immediatdy 

P 

observable,  as  in  paratomous  Augite-spar,  —  »  120**  (K ;  in 

a  like  manner  in  rhombdhedral  Fluor-haloide,  2  (R)  a 
ISrU',  Ur  2(K,  &c 

In  those  forms  which  assume  a  hemi-prismattc  character, 
it  is  very  often  the  case,  that  the  axis  of  the  fundamental 
form  is  not  perpendicular  upon  the  base  (§.  98.).  The  in- 
clination of  the  axis  takes  place  in  a  plane  throu^  the 
axis,  and  one  of  the  diagonals  of  the  base.  This  plane  bi- 
sects the  angle  produced  lyr  those  &ces  of  the  simple  forms, 
which  appear  in  the  combination,  and  which  therefore  is  in- 
dicated in  ^e  designation  of  the  form.  Together  with 
the  magnitude  of  this  terminal  edge,  the  angle  of  incli- 
nation itself  is  likewise  contained  in  the  character.    Thus 

p 
in  prismatic  Azure-malachite  ^^  ^>  a  117**  37^  IncRnatUm 

(of  the  axis),  a  2''  21'**  signifies,  that  those  faces  of  the 
ftindamental  form,  which  necessarily  appear  together  in 
the  combinations,  are  contiguous  to  the  short  diagonal,  and 
m^t  under  angles  of  117^  37';  and  that  the  axis  of  P 
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p.  includes  an  angle  of  2**  21'  in  the  plane  of  the  short  dia- 

gonal with  the  perpendicular  line  erected  in  the  centre  of 
the  hase.  ^  IndinaHon  =  0**  means,  either  that  there  exists 
no  inclination  at  all,  or  that  this  inclination  has  not  been 
as  yet  attended  to  in  the  present  determinatbn  of  the  crys- 
talline forms. 

The  angle  indicated  in  horizontal  prisms  that  assume 
a  hemi-prismatic  character,  is  the  one  contained  between 
the  occurring  ihce  and  the  axis,  together  with  the  situation 
of  the  ihce  by  means  of  the  signs  +  and  — ,  agreeably  to 

§.  153.    For  instance,  in  paratomoiis  Augite-spar,  — as 

l^'^M',  where  the  sign  +  is  understood.  For  dengnating 
vertical  prisms  in  hemi-prismatic  combinations,  the  lateral 
ai^le  is  given,  which  corresponds  to  that  terminal  edge  of 
the  fundamental  form,  which  occurs  in  the  combinations. 

With  respect  to  cleavage,  the  expression  *^  Ckatfogey  R,^ 
ibr  instance,  in  rhombohedral  Lime-halmde,  means,  that 
this  mineral  has  its  cleavage  parallel  to  the  &ces  of  a  rhom- 
bohedron,  similar  to  the  fundamental  form  of  the  species ; 
«*  Cleavage,  P .—  eo.  P  +  eo.  [P  +  od]*'  in  pyramidal  Gar- 
net, means,  that  this  mineral  has  its  cleavage  parallel  to 
the  fiu^es  of  two  rectangular  prisms,  and  at  the  same  time 
perpendicular  to  their  axis ;  **•  Cleavage^  Pt  +  oo*'  in  pris- 
matic Chrysolite,  indicates,  that  the  cleavage  of  this  mineral 
is  parallel  to  a  plane  passing  at  the  same  time  through  the 
axis  and  the  short  diagonal  of  the  prism  P  4-  oo  ;  <<  Cleats' 
"  4^,  (Pr  +  08)»  «  87*  42'.  ftr  +  ea.  Pr  +  od"  m  parato- 
mous  Augite-spar,  expresses  that  the  individuals  of  this 
species  may  be  cleaved,  first,  parallel  to  the  ftces  of  an  ob- 
lique-angular four-sided  prism,  of  the  given  angles ;  and 
secondly,  parallel  to  pUmes,  wliich  pass  through  the  axis 
and  both  diagonals  of  the  prism  P  +  os ;  or,  what  comes  to 
the  same,  parallel  to  the  faces  of  a  rectangular  prism. 

Cleavage  is  sometimes  found  to  be  hetnupriematic  or 
tetarto^prkmoHc.  Paratomous  Augite-spar  shews  an  ex- 
ample oi  the  first.  The  hemi-prismatic  fitces  of  P,  express- 
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tt       

«a  itafe  iif  ^  n  tar  4r,  tnler  ^vUdi  angle  they  meet, 

8 

uppeu  in  WTeral  vuieties  as  fiuies  of  deavago.  This  zda- 
tioo,  and  all  others  of  the  flame  kind,  are  expressed  bj  signs 
MMuJifogous  to  those  used  in  the  fbnns  of  crystallisation.  In 
general,  every  fiioe  of  cleavage  is  ezpressed  bj  the  sign  of 
the  ftoe  of  qystalliaation  to  which  it  correqMmda.  The 
degnee  of  pexfection  of  the  fiuies  of  cleavage  has  likewise 
beoa  indicated,  and  needs  no  &rther  explanation.  Tlie 
student,  however,  who  intends  to  employ  the  Gharacteria- 
tie  for  the  determination  of  oocurxing  individuals,  has  par* 
tkularly  to  attend  to  those  fiuies  of  deavage,  which  are 
moat  apparent* 

The  degrees  of  haidneas,  which  are  in  genatal  expressed  by 
H.,  and  those  of  specific  grsvi^,  expressed  by  6.,  are  given 
in  the  Cliaimeteristic  with  their  limits,  or  those  psinta  be- 
tween whidi  the  hardness  and  the  ^edflc  gxmvity  of  the 
varieties  are  fimnd  to  be  contained  i  observation  will  very 
seldom  yield  these  limits  themselves;  and  mAf  in  socfa 
cases,  where  it  cannot  have  any  pr^udidal  influence  upon 
the  determinative  iHocesB  itsel£  Evidently  this  must  apply 
in  a  still  higher  dq;ree  to  the  danwCen  of  the  ordenand  the 
genera.  Those  who  make  use  of  the  Chancteristlc^  must 
not  therefive  compare  one  dtorader  mih  anoikery  but  tbey 
have  to  compare  oocunii^  inffividuals  of  the  species  con- 
tained in  it  with  these  characters. 

Besides  these  Uuee  duoacteristic  terms,  the  chsncten 
of  some  spedes  contain  also  the  indication  of  several  occur- 
rences of  colour,  more  particularly  the  streak;  also  the 
lustre,  or  the  general  aspect  i  sometimes  also  the  state  of 
aggregation,  taste,  As.  In  most  eases  they  would  have 
been  superfluous,  had  a  move  accnimto  knowledge  of  the 
imns  existed.  In  this  particular,  we  have  reason  to  expect 
a  great  deal  ftom  fiituxe  and  accurate  observmtioBS,  i^ich 
will  enable  us  to  keep  the  characten  fiee  finom  all  audi 
marks,  as  do  not  allow  of  a  perfectly  strict  definition. 

The  specific  characters  of  JMd  mineruU  require  another 
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proceaS)  because  ia  these  bodies  two  of  the  meet  valuable 
mazfca  ia  the  cbaracten  of  solid  minerals,  fonn  and  hard- 
ness, are  wanting.  They  have  not  as  yet  been  brought  to 
any  degree  of  perfection ;  and  indeed  there  is  little  to 
be  done  iti  this  respect,  our  knowledge  of  their  natural* 
fabtodfal  properties  being  still  rery  defective. 

The  specific  characters  should  not  contain  either  condi- 
tioned or  exchisive  characteristic  marks,  thou^  this  may  be, 
and  Indeed  is,  the  case  with  the  characters  of  the  orders 
und  the  genera.  In  the  latter  characters  there  occor  some- 
thnes  terms  mutually  excluding  each  other,  as  in  the  genus 
Comndum,  ^  Tetmkry  rhmbohgdral,  ftimaHej^  iur  in  thege- 
"  nuslnm-ore,  ^  Streak  red,  ftrown,  hiaek,^  This  evidently 
means,  that  the  forms  of  an  individual  belonging  to  the  ge- 
nus Corundum,  must  be  either  teasular,  or  rhombohedral, 
or  prismatic ;  and  that  an  mdividual  of  the  genus  Iron-ore 
must  yield  a  stredc  either  red,  or  brown,  or  black ;  because 
in  one  and  the  same  individual,  two  different  kinds  of  the 
suae  characteristic  property  are  impossible.  In  another 
place,  an  example  will  be  ^ven  to  diew,  that  cbaracten 
thus  arranged  do  really  convey  all  possible  security ;  which 
example  will  at  the  same  time  serve  to  illustrate  the  use 
of  the  Chaxacteristie  in  this  respect 

§.  247.  KO  CHAEACTEBISTIC  BEFOBB  THB  SYSTBIC. 

The  Characteristic  presupposes  in  its  full  extent 
the  system,  to  which  it  refers. 

In  the  natural  or  synthetic  system,  or  that  whose  foiui- 
dation  is  the  natural-historical  similarity,  those  oljecttfaxe 
placed  nearest,  which  are  connected  by  tlie  highest  degrees 
of  resemblanoe,  or  which  are  most  similar  to  each  other. 
In  arranging  them,  no  attention  is  paid  to  single  properties, 
and  perhaps  least  of  all  to  such  as  might  be  useful  in  tlie 
distinctive  characters.  Indeed,  Uie  conformity  of  the  difier- 
ent  parts  of  the  system  would  be  very  soon  lost,  should  we 
allow  such  accessory  views  to  be  introduced.    First  of  ally 
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the  sjstem,  as  far  as  experience  allowa,  must  have  been 
completed ;  then  only  it  becomes  possible  to  compare  tbe 
different  homologous  unities  which  it  contains^  with  each 
other,  dasaes  with  classee,  orders  with  orders,  genera  with 
genera,  species  with  species,  in  order  to  discover  the  charac- 
teristic marks  in  which  thej  differ,  and  from  which  their 
characters  must  be  formed. 

Hence  our  mode  of  considering  the  Chancteristic  in  the 
natural  system  wiU  only  then  be  correct,  if  we  keep  in 
mind  that  the  order,  the  genus,  &c  is  not  produced  and 
determined  by  the  character,  but  that  the  character  de- 
pends upon  the  order,  tlie  genua,  &c.    Sdas  iAarmderem  nom 
eotutUitere  Getuu^  ted  Gemu  characterem,    Chanderem  mm  etee 
-•vt  Genus  JUa^  ted  ut  Genus  noscatur*     Livir.  PhiL  Bot.  IG9. 
We  must  not,  therefore,  look  for  the  reasons  fbr  which  the 
unities  of  the  system  have  been  adopted  and  detemuaed, 
in  these  characters,  firoip  which  they  never  can  be  deduced, 
because  they  consist  solely  in  the  relations  of  natuiaUus- 
torical  similarity,  by  which  the  objects  either  approach  to, 
or  recede  from  each  other,  a  matter  brought  to  full  evi- 
dence in  the  preceding  paragraphs.   The  only  olgect  of  the 
Chaiacteristic  is  to  collect  with  ftcility  the  individuals  oc- 
curring in  nature,  under  the  ideas  of  the  system.    This  is 
effected  without  regard  to  any  thing,  except  the  distinctive 
characters.    The  idea  of  the  qiecies,  or  of  any  higher  uni* 
ty,  does  not  come  into  consideration,  since  in  general  the 
Characteristic  has  nothing  to  do  with  the  developement  or 
establishment  of  general  ideas,   which  belongs   to  thft 
Theory  of  the  System.    Here  we  do  not  ask,  whidi  pro- 
perties are  peculiar  to  the  bodies,  but  only  what  are  the 
properties  in  which  they  differ.    The  characters  of  a  spe- 
cies, or  of  any  other  of  the  systematic  unities,  must  not  be 
jconsidered  as  de^tive  or  erroneous,  if  they  should  not  con- 
tain so  many  characteristic  marks  as  are  necessary  £ar  ex- 
citing the  idea  of  the  species ;  for  this  is  not  its  d^t,  and 
belongs  to  the  General  Description.    Every  chancter  is 
perfect,  which  affords  a  general  distinction   within  its 
sphere,  and  thus  attuns  its  object.    It  would  be  an  error  to 
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collect  in  it  euperfluous  marks,  which  are  of  no  use  in  the 
process  of  distinguishing  mdividuals. 

Thus  it  appears  that  the  Cliaracteristic  presupposes  the 
ezistenoe  of  the  sjrstem  to  its  full  extent,  its  onlj  object 
being  to  distinguish  mmezals  occurring  in  nature,  while 
that  of  the  Theoi}r  of  the  System  is  to  produce  the  syste- 
matic ideas  agreeably  to  the ,  principle  of  natural-histo- 
xical  resemblance  with  consistency.  Both  of  them  must 
keep  strictly  in  their  peculiar  course,  and  will  then  become 
the  more  useful  as  departments  of  the  science ;  by  these 
properties,  the.  Characteristic  will  become  the  link  between 
the  sjTstematie  ideas  and  the  systematic  names  and  deno- 
minations, while  both  the  Characteristic  and  Theory  of 
the  System  will  produce  the  connexion  between  the  na» 
tural-historical  properties  and  the  same  systematic  names 
and  denominations* 

§.  S48.    BASE  OP  A  PEBFECT  CHABACTEBISTIC. 

The  perfection  of  the  Characteristic  depends 
upon  the  perfection  and  accuracy  of  our  natural- 
bbtorical  knowledge  of  natural  productions. 

The  truth  of  this  proposition,  in  regard  to  the  Charac- 
teristic of  both  natural  and  artificial  systems,  is  so  very 
evidoit,  that  it  would  be  superfluous  to  add  any  explana- 
tory remarks.  But  as  a  consequence  of  this  truth,  we  may 
•mention,  that  the  most  useful,  or  rather  the  only  means  of 
bringing  the  Characteristic  nearer  perfection,  consists  in 
the  continued  study,  and  in  the  accurate  investigation  of 
nature.  The  more  we  inquire 'into  the  nature  of  bodies, 
and  the  more  our  knowledge  becomes  accurate  and  exten- 
sive, the  more  the  ideas  of  the  system  will  advance  towards 
purity  and  correctness,  and  afibrd  in  proportion  a  higher 
degree  of  fiicility  and  certainty  to  the  process  of  distin. 
guishing  them  firom  one  another  by  means  of  the  Charac- 
teristic   The  want  of  an  accurate  knowledge  is  still  per- 
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cepUble  in  many  of  ll»  iadicatiooa  of  fiorms,  whidi  in  vmxij 
Bpedes  are  either  not  determined  at  all,  or  at  leaat  not  to  a 
raffident  d^pree  of  aceuracj.  Fnna  roeli  impeilect  inftr- 
matkm,  the  greater  part  of  the  difficulties  derive,  which  we 
have  to  encounter  in  the  conatruction  and  appHcatiop  of 
the  Oiancteriatic.  This  has  no  doubt  been  one  of  the 
leafona  which  has  deterred  naturaliats  from  fidlowing  that 
path  in  Mineniogf  whidk  has  been  found  the  right  one  in 
Botany  and  Zoolqgj,  and  they  have  consdeied  aoeotifing- 
Ij  as  unpcacticable,  eveiy  attempt  towards  the  coostmctiMi 
of  a  Clharscteristic  It  is  too  soon  as  )ret  to  expect  it  to 
be  perfect ;  jet  it  is  not  too  soon  to  make  the  first  step, 
and  the  science  itsdf  lequixes  that  it  should  be  done,  in 
order  to  obtain  in  its  regular  scientific  ferm  the  thiid, 
and  not  least  important  part  of  Natural  Histoij,  that  of 
the  Mineral  Kingdom.  The  imperibctions  of  the  Cha- 
racteristic  appear  more  strildngly  in  the  first  class  than 
in  the  second,  or  even  in  the  third;  but  in  that  dass 
we  know  so  very  little  of  the  natural-htstoricsl  properties 
of  the  bodies  which  it  contains,  that  it  has  been  introdu« 
ced,'  almost  entirely  for  the  sake  of  eMhUSng  with  some  de- 
gree of  completeness,  what  the  Cbaracteiistic  should  can- 
tain.  Thus  also,  the  systematic  nomenclature,  whidi  is 
always  in  proportion  to  our  knowledge  of  the  obfects  them, 
selves,  is  here  more  imperfect  than  in  any  other  part  (tf  the 
system.  It  is  to  be  expected,  however,  from  the  progTcas 
already  made,  that  these  difficulties  will  entirely  dia^^pear  ; 
and  this  will  take  place  the  sooner,  the  more  we  oonvinoe 
ourselves  that  in  order  to  remove  those  which  are  still  i«- 
maining,  we  are  not  compelled  to  recur  to  fineign  assist- 
ance, a  process  by  whidi  the  purity  of  the  prindptea 
ci  Natural  History  would  be  entirely  sacrificed ;  and  yet 
this  purity  has  been  the  only  source  from  irhiA  flows 
even  that  little,  which  has  as  yet  been  eflfeeted. 
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§.  249.   USE  OF  THE  CHARACTEEISTIC. 

The  use  of  the  Characteristic  is  the  same  in  Mi- 
neralogy as  in  Zoology  and  Botany. 

It  will  be  useful  to  give  ft  short  explanation  of  the  pio« 
cess  used  in  the  detennination  of  minerals. 

If  a  mineral  is  to  be  determined,  first  its  Fomtj  if  this 
be  regular,  must  be  ascertained,  at  least  as  fkr  as  to  Imow 
the  system  to  which  it  belongs.  Then  Hardness  and  SpecU 
Jlc  Gravity  must  be  tried  with  proper  accuracy,  and  express- 
ed in  numbers.  It  is  sufficient,  however,  to  know  the  lat- 
ter to  one  or  two  decimals.  The  specific  character  regu^et 
these  data ;  they  are  also  of  use  in  the  characters  of  the 
classes,  orders^  and  genera.  After  this  examination,  the 
Characteristic  nuij  be  applied,  and  it  will  at  the  same  time 
point  out  what  other  characters  are  stiU  wanting ;  so  that 
a  mere  inspection  of  the  mineral,  or  a  very  easy  experi- 
ment, as,  for  instanpe,  to  try  the  streak  upon  a  file,  or  still 
better,  upon  a  plate  of  porcelain  biscuit,  will  very  often  be 
sufiident.  The  given  individual  is  now  carried  through 
the  subordinate  characters  of  the  classes,  orders,  genera, 
and  species,  one  after  the  other,  comparing  its  properties 
with  the  charact^istic  marks  contained  in  the  characten  of 
these  systematic  unities.  From  their  agreement  with 
some,  and  their  difierence  firom  other  characters,  we  in- 
fer, that  the  individual  belongs  to  one  of  the  classes,  to 
one  of  the  orders,  to  one  of  the  genera,  and  to  one  of  the 
species.  Having  advanced  in  this  manner  to  the  character 
of  the  species,  it  will  in  some  instances  be  necessary,  and 
in  all  cases  advisable,  fi>r  the  sake  of  certainty  (g.  246.),  to 
have  recourse  to  the  dimensions  of  the  forms.  This  is 
particularly  necessary,  if  the  genus,  to  which  the  mineral 
belongs,  contain  several  species  having  forms  of  the  same 
system,  as  is  the  case  in  the  genus  Augite-spar.  The  com- 
mon goniometer  in  most  cases  will  suffice  for  determining 
the  dimensions  of  the  forms,  tlie  differences  in  the  anglea 
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being  in  general  so  great»  that  they  cannot  easily  be  miss- 
ed,  even  by  the  application  of  this  instrument.  If  the 
differences  be  small,  and  their  distinction  require  on  tiiat 
account  a  higher  degree  of  accuracy,  it  will  be  necessaiy  to 
recur  to  the  reflective  goniometer. 

It  will  seldom  be  necessary  to  read  over  the  whole  of  any 
character  of  a  class,  order,  genus,  or  species,  excepting 
those  which  comprise  the  individual ;  one  term  that  does 
not  agree  sufficing  for  its  exclusion.  Thus  even  the  cha- 
racters of  the  orders,  though  the  longest,  will  not  be  found 
troublesome. 

The  application  of  the  Characteristic  has  been  &dlitated 
in  a  great  measure  by  separating  the  absolute  chancteristic 
marks  from  the  conditioned  ones.  It  becomes  still  more 
easy  and  expedititious,  by  taking  particular  notice  of  some 
characters,  which  might  be  termed  promntenU  Such  are  a 
metallic  appearance;  a  high  d^ree  of  specific  gravity, 
particularly  if  the  appearance  be  not  metaUic  ;  and  a  high 
degree  of  hardness.  The  observation  of  these  will  imme- 
diately decide  whether  an  individual  can  belong  to  any 
particular  class,  order,  genus,  or  species.  It  is  understood, 
that  if  it  be  not  thereby  excluded,  the  other  characters 
must  next  be  examined,  till  either  an  excluding  one  be 
found,  or  if  not,  the  individual  may  be  considered  as  be- 
longing to  that  class,  order,  &c.  with  which  it  has  been 
compared  and  found  to  agree. 

§.  ^50.  DETERMINATION  OF  INDIVIDUALS,  BT  MEANS 
OF  THE  CHARACTERISTIC.      EXAMPLE.         , 

An  individual,  which  has  been  carried  through 
the  characters  of  the  classes,  orders,  genera  and  spe- 
cies, and  whose  systematic  denomination  has  thus 
been  found,  is  said  to  have  been  determined.  The 
determination  is  complete^  if  the  individual  has  been 
traced  to  a  species ;  it  is  incomplete^  if  it  has  only 
been  brought  under  a  certain  order  or  genus. 
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It  is  not  difficult  to  arrire  in  this  way  at  the  detenuAna- 
tion  of  an  individual,  proyided  those  properties  can  be  as- 
certained, which  the  complete  determination  requires.  The 
detennxnation  wiU  be  defective  only  in  consequence  of  the 
impossitulity  of  observing  at  all,  or  at  least  with  sufficient 
accuracy,  one  or  more  of  the  eharacteristic  maxks  in  the 
mineraL 

In  illustration  of  this,  let  us  take  the  following  exan^. 
Let  the  form  of  the  mineral  which  is  to  be  determined,  be  a 
combination  of  a  scalene  eight-sided  pyramid,  of  an  isosceles 
fimr-sided  pyramid,  and  of  a  rectangular  four-sided  prism  ; 
the 'cleavage  parallel  to  the  fiices  of  two  rectangular  four- 
tadeA  prisms,  in  diagonal  position  to  each  other ;  fbrm  and 
cleavage  therefore  j^yramfdoZ,  or  belonging  to  the  pyramidal 
system.    Let  Hardneu  be  sa  6*6  ;  Sfpeeyie  QravUy  sa  6<9. 

In  this  case^  both  hardness  and  specific  gravity  axe  pro- 
minent characters,  and  exclude  the  individual  at  once  from 
the  first  and  third,  but  not  from  the  second  dass :  with 
the  characters  of  this  dass,  its  other  properties  also  perfectly 
agree.    Hence  the  individual  belongs  to  the  second  dass. 

Comparing  the  properties  of  the  individual  with  the  cha- 
racters of  the  orders  in  the  second  class ;  hardness  and  spe- 
cific gravity  will  be  feund  too  great  fer  the  order  Haloide  ; 
hardness  too  great  for  the  orders  Baxyte  and  Kerate  t  both 
of  them  too  great  fer  the  orders  Malachite  and  Mica ; 
and  specific  gravity  too  great  for  the  orders  Spar  and  Gem. 
But  in  the  character  of  the  order  Ore,  both  hardness  and 
specific  gravity  fell  between  the  fixed  limits,  and  cannot 
€«dude  the  individual  firom  this  order.  The  other  parts  of 
this  character  are  now  to  be  taken  into  consideration.  If  the 
appeanmce  of  the  individual  be  metallic,  its  colour  must 
be  black,  otherwise  it  cannot  belong  to  the  order  Ore.  But 
the  appearance  is  not  metallic  ;  therefore  the  cdour  of  the 
individual  is  quite  indifierent ;  that  is,  this  conditional  cha- 
racteristic mark  does  not  afiect  the  individual,  and  conse- 
quently cannot  decide.  Since  the  appearance  is  not  me- 
tallic, the  individual  must  exhibit  adamantine  or  imperfect 
metallic  lustre.    The  first  will  be  found,  particularly  in  the 
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fiiciurei  The  fiiUowiog  dtancteiuUc  muks  lefer  to  ini. 
nenls  of  ft  red,  yellow^  brown,  or  blade  Bireak;  and  m  the 
indiTidiud  gbret  none  <tf  these,  its  streak  beii^  uneolouxed, 
these  diancteristie  marks  do  not  come  into  oonaidexation. 
The  next  nuKkiequivesy  that  if  hardness  be  »  4'6  andkss, 
the  streak  should  be  jeUov,  red  or  blade  t  but  hardness 
is  »  6*fty  therefiire  the  colour  of  the  streak  indiffenent.  If 
hardness  be  m  6*5  and  more,  and  streak  uncoloared ;  then 
specific  gnwity  must  be  a  6*6  and  more.  Nov  this  condi- 
tion takes  pbee;  hardness  is  »•  6^ ;  streak  is  unodoured. 
But  also  the  conditioned  character  takes  pbne^  apedfic 
grsTitj  being  «  6*9,  which  is  greater  than  6^ 

In  regpucd  to  the  indiyidual,  which  is  to  be  detennined, 
aU  the  diaiacteristie  marks  constituting  the  Character  of 
the  order  Ore^  may  be  divided  into  two  parts.  The  first 
part  contains  thoae  which  refo  to  the  individual;  the  se- 
cond thoK  which  do  not ;  the  last  evidentl j  cannot  be  de* 
cisiveb  But  with  the  fint,  all  the  propertica  of  the  indi^ 
▼idual  concur.  These  properties  sgree  consequently  with 
the  whole  diameter  of  the  order,  as  ftr  as  it  is  i^ypUcaUe 
to  the  individual,  and  determine  it  to  bdong  to  the  order 
Ore,  or,  in  shorter  terms,  to  be  an  Ore. 

It  will  be  advissble  to  beginners,  who  do  not  jet  posscno  a 
sufildent  prscUoe  in  the  use  of  the  Characteristic,  also  to 
compare  the  diaracters  of  the  remaining  ordera,  wfaidi  will 
enable  them  to  find  out  an j  error  the j  nught  have  com- 
mitted in  the  comparison  of  the  individual  with  the  diarao- 
ters  of  the  preceding  orders.  In  the  present  case,  the 
non-metaUic  appearance  ezdudes  the  individual  firam  the 
orders  Metal,  ^rrites  and  Glance;  haidnftw  flmm  the  order 
Blende;  and  both  hardness  and  specific  gravitj  finom  the 
(«der  Sulphur.  This  fiillj  confirms  the  above  determina- 
tion, and  we  must  now  return  to  the  order  Ore  finr  com- 
paring the  properties  of  the  individual  with  the  generic 
charscters  whidi  the  order  contains. 

Coaridering  again  hardness  and  specific  gravity  as  pro- 
minent, the  individual  will  be  immediately  exduded  fipm 
the  genera  Titanium-ore,  Zinc-ore,  and  Coj^er-ore,  but 
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not  from  the  genus  THu-ore.  The  form  of  the  pynnddal 
system,  and  the  uncoloured  streak,  shew  that  it  belongs  to 
this  genus.  If  we  compare  the  individual  with  the  remain- 
ing generic  characters,  we  find  that  it  is  excluded  from  the 
genus  Scheeliiutt-ore  by  its  too  great  hndness,  and  too 
little  specific  gravity ;  from  the  genera  Tantalum-ore,  Ura- 
nium-ore, Cerium-ore,  Chrome^ire,  Iron-ore,  and  Man- 
ganese-ore, by  hardness  and  spedfic  gravity,  both  of 
them  being  too  great;  as  also  by  its  uncoloured  streak, 
which  only  agrees  with  that  genus  from  which  the  indivi- 
dual differs  most  by  its  hardness  and  specific  gravity.  From 
all  this  we  inler  that  the  individual  cannot  belong  to  any 
other  than  to  the  fourth  genus,  and  that  we  are  therefore 
entitled  to  give  it  the  name  of  THn-ore. 

This  genus  contains  but  one  species.  The  conclusion  that 
the  individual  must  belong  to  this  species,  might  never- 
theless be  erroneous.  There  could  exist  a  second  species  of 
this  genus.  Hence  we  must  accurately  consider  the  di- 
mensions of  the  forms.  If  these  coincide  with  the  angles 
given  in  the  character,  the  highest  d^ee  of  certainty,  that 
the  individual  belongs  to  or  is  pyramidal  Tin-ore^  will  be 
obtained. 

The  perfect  determination  of  an  individual  depends,  as  the 
above  example  has  shewn,  upon  the  possibility  of  correct- 
ly ascertaining  those  three  properties :  viz.  foim,  includ- 
ing cleavage;  hardness;  and  specific  gravity.  If  one  or 
the  other  of  these  characteristic  marks  be  wanting,  the  de- 
termination will  remain  incomplete.  It  does  not,  however, 
become  prejudicial  to  the  method,  tliat  minerals  of  this 
kind  cannot  thoroughly  be  determined  by  its  assistance. 
It  is  exactly  the  same  in  the  other  parts  of  Natural  His- 
tory, in  Zoology  and  Botany.  The  characteristic  proper- 
ties must  be  completely  observable,  otherwise  a  complete 
determination  will  be  impossible.  In  Mineralogy  the 
Characteristic  afibrds  sometimes  more :  it  leads  to  a  cor- 
rect determination,  even  if  the  knowledge  of  the  forms  re- 
mains imperfect,  or  if  it  is  entirely  wanting.  But  such  a 
determination  wants  evidence  (§.  24C.) ;  and  for  this  reason 
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it  will  be  a  usefiil  rule  for  beginners  to  occupy  thenwelTes 
at  firrt  with  the  determination  of  such  individuals  as  pre- 
sent  properties,  which  may  be  eesilj  and  fiill j  inyeatigated. 
The  rest  will  come  of  itself^  when  thdr  knowledge  of  the 
AdQnenl  Kingdom,  and  particularly  of  the  properties  of 
nunersls,  increases,  and  when  they  haTe,  by  experienoe, 
aoquired  the  skill  to  judge  properly  of  fimn  and  deavage, 
at  least  so  &r  as  is  necessary  for  the  determination  of  the 
system  of  eiystallisation,  even  in  those  cases  where  fimn 
and  cleavage  axe  somewhat  difficult  to  be  observed.  This 
exercise  is  particularly  recommendable  to  every  persim 
who  intends  to  acquire  a  satis&ctory  knowledge  of  mine^ 
nOs,  with  the  help  of  the  Characteristic. 

§.  251,    IMMEDIATE  AND  MEDIATE  DETEEMIMA- 

TION.      EXAMPLE. 

If  a  mineral  can  be  determined  without  the  help 
or  interyention  of  one  or  of  several  other  minerals, 
the  determination  is  said  to  be  an  immediale  one. 
If,  on  the  contrary,  we  must  employ  one  or  several 
other  minerals  for  this  purpose,  we  only  obtain  a 
mediak  determination. 

The  immediate  determination  has  been  explained  and 
illustrated  by  an  example  in  §.  250.  An  example  will 
likewise  be  useful  in  the  mediate  determination. 

The  variety  of  hemi-prismatic  Augite-spar,  which  has 
received  the  name  of  Amiantus,  occuxb  in  such  veiy  delicate 
ciystals,  that  even  supponng  they  should  be  regular,  their 
form  could  not  be  observed,  even  throuji^  the  most  power- 
fid  magnifying  instruments :  it  is  the  same  witii  deavage. 
The  ciystals  are  flexible,  like  fibres  of  flax,  their  hardness 
accordingly  not  to  be  ascertained.  Their  surfiu^e  is  so  laige 
compared  to  their  bulk,  that  wherever  they  may  be  placed  in 
water,  or  in  another  liquid,  they  neither  sink  nor  rise : 
although  their  specific  gravity  is  not  inconsiderable  ;  but 
we  have  no  means  to  ascertain  it  ^However,  there  are  va- 
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rieties,  for  the  rest  exactly  agreeing  with  Araiaotus,  in 
widch  the  crystalline  filaments  are  somewhat  coarser.  They 
are  no  longer  flexible,  but  stiU  too  weak  to  stand  the  ex- 
periment of  determining  their  hardness.    Others  are  still 
thicker  x  we  may  discern  traces  of  their  regular  structure ; 
yet  on  account  of  their  minuteness,  we  cannot  apply  the 
gmiometer  for  taking  their  dimensloaSi     They  sink  in 
water,   scratch   priamatoidal  Oypeum-haloide,   but  they 
lose  their  coherence,  if  we  try  to  pass  them  orer  a  fiioe  of 
rhombohedral  lime-halmde.    At  last  we  meet  with  va- 
xieties,   whose  form   and  deavage   are   more  appiunent 
and  observable,  whose  specific  gravity  is  about  three  times 
that  of  water,  and  the  hardness  between  5*0  and  6*0. 
These  allow  of  an  immediate  determination,  and  will  be 
placed  by  that  process  within  the  species  of  hemi-prismatic 
Augite-spar.    The  mode  of  reasoning  applied  here  will  be 
the  following.    Ihe  variety  preceding  the  last  is  the  same 
as  that  which  has  been  determined ;  those  immediately  pre- 
ceding are  again  the  same  as  the  one  immediately  preceding 
the  last ;  and  thus  we  finally  arrive  at  the  Amiantus  itsdf; 
The  determination  of  this  mineral  is  efi^ted  by  the  assist- 
ance of  a  greater  or  less  number  of  varieties,  interposed  be- 
tween one  that  is  iounediately  determined,  and  another 
which  cannot  be  determined  immediately ;  the  method  em- 
ployed is  therefore  that  of  the  Mediaie  DctermhuOkm.    The 
more  general  our  knowledge  of  the  productions  of  the  Mi- 
neral Kingdom,  the  greater  fiudlity  we  shall  experience  in 
the  mediate  determination.    Through  this  means,  a  great 
number  of  minerals  may  be  determined,  and  reduced  to  their 
respective  species,  which  could  nevor  have  been  ascertained 
by  immediate  determination.    The  mediate  determination 
has  Indeed  been  hitherto  very  often  applied,  though  it  was  not 
clearly  reduced  or  brought  in  connexion  with  the  immediate 
determination,  upon  which  nevertheless  both  the  correctness 
and  certainty  of  the  mediate  determination  depends.    The 
mediate  determination  is  peculiar  to,  and  intimately  con* 
nected  with,  the  natural-historical  method  of  Minendogy ; 
hence  we  may  infer,  that  nothing  can  escape  this,  which  may 
be  determined  by  any  other  method* 
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§.  SiffS.   BASS  OF  THE  MEDIATE   BETEEMINATION. 

The  mediate  determination  entirely  depends  upon 
the  transitions  in  the  series  of  characters  (§.  221.). 

The  mediate  detennination  is  effected  bj  a  aeries  or  coo- 
catenation  of  varieties,  whose  terminal  member  on  one  side 
is  immediatelj  determinable.  This  series  of  yarieties  is 
produced  bj  the  gradation  in  the  differences  of  their  pro* 
perties,  which  likewise  represent  members  of  connected  se- 
ries, as  it  has  been  amply  demonstrated  above.  But  in 
these  series  we  observe  the  tranntions;  and  thus  they 
appear  as  the  base  upon  wliich  the  mediate  determination 
is  founded. 

The  transitions  muiTt  alwajs  be  employed  with  the  neces- 
sary precautions,  as  mentioned  in  §.  221.  But  upon  this  sup- 
position, the  mediate  determination  is  effected  with  a  secu- 
rity by  no  means  inferior  to  that  of  the  immediate  deter- 
mination, with  which  it  is  in  the  closest  connexion.  Mi- 
neralogy  is  not  the  only  part  of  Natural  History  which 
makes  use  of  the  mediate  determination.  It  la  necessary 
also  in  Zoology  and  Botany,  in  both  of  which  it  is  em- 
ployed; yet  it  does  not  occur  so  fiiequently  in  these 
scienoes,  because  the  individuals  of  the  organic  kingdoms 
do  not  constitute  compound  masses ;  the  only  case  excepted 
if  the  individual  to  be  determined  has  not  yet  arrived  at 
the  state  of  greatest  perfection.  In  that  case  the  botanist 
compares  a  plant,  which  is  not  in  flower,  with  another 
which  presents  the  perfect  flower,  and  with  other  in- 
dividuals, representing  intermediate  stages  of  effloies- 
oenoe,  between  the  perfect  immediately  determinable  plant, 
and  that  which  he  wants  to  determine,  in  perfect  agree- 
ment with  the  rules  developed  above ;  and  he  knows  by 
experience  how  far  he  may  extend  this  comparison,  in  or- 
der to  obtain  results,  upon  the  accuracy  of  Avhich  he  may 
rely. 
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CLASSES,  ORDERS,  GENERA, 
AND  SPECIES. 


CHARACTERS  OP  THE  CLASSES. 

CLASS  I. 

6.  under  8*8. 
No  bituminouft  odour. 
Solid  :  taste. 

CLASS  IL 

6.  above  1-8. 

Tasteless. 

CLASS  in. 

G.  under  1*8. 

Fluid  :  bituminous  odour. 
Solid  :  no  taste. 
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CHARACTERS  OF  THE  ORDERS. 


CHAEACTEBS  OF  THE  ORDERS  OF  CLASS  I. 


L  Orbeb.    gas. 

G.  =  0-0001  ...  0-0014 

Expansible. 

Not  add. 


II.  Oebsk.    water. 

G.  =  lO, 

Liquid. 

Without  odour  or  taste. 


III.  Oadbs.  acid. 

G.  =  00016  ...  S-7. 
Acid. 


IV.  0KB£B.     SALT. 

G.  =  1-2  ...  2-9. 

Solid. 

Not  acid. 
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CHAB^CTEaS  OF  THE  OBDERS  OF  GLASS  IL 


I.  Qabeb*    HAX^OIDE. 

Non-metallic 
Streak  unooloured. 
H.  =  1-6  ...  5*0. 
G.  =  «•«  ...  8«. 

Pyramidal  or  prismatic  :  H.  =  4*0  and  less, 
deavage  imperfect,  in  oblique  directions. 
Tessular  :  H.  =  40. 
Cleavage  nKmotomous,  eminent  :  G.  =  2'4i 

and  less. 
H.  under  S*5  :  G.  :=  8*4  and  less. 
G.  =  2*4  and  less  :   H.  under  i-B,  no  x^ 
sinous  lustre. 
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n.  OsBBB.    BAEYTE. 

NoiMiietallic. 

Streak  uncoloured  or  orange-ydlow. 

H.  =  2fi  ...  BO. 

G.  =  8-8  ...  7-8. 

Cleavage  monotomoiis  :  G.  =  4*0  and  less ; 

or  :=  50  and  more. 
Lustre  adamantine  or  impofect  metallic  : 

G.  ^  6-0  and  more. 
Streak  orange-yellow  :  G.  =s  60  and  more. 
H«  =  50  :  G.  under  4*5. 
G.  under  4*0 ;  and  H.  =  5-0  :  deavagedi- 
prismatic. 


IIL  Obbeb.  KEB^TE. 

Non-metallic. 

Streak  uncoloured. 

Cleavage  not  monotomous,  not  perfect  peritomous. 

H.  =  l-0',..  80. 

G.  above  B'8. 
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IV.  Oedbe.    MALACHIT£. 

Non-metallic.   * 
Colour  blue,  green,  brown* 
Cleavage  not  monotomous. 
H.  =  20...  6-0. 
G.  =  20  ...  4-6. 

Colour  or  streak  brown  :  H.  =  8*0  and  less, 
G.  above  2-5. 

Streak  blue  :  H.  =  4*0  and  less. 

Streak  uncoloured  :  G.  s:  S*S  and  less, 
H.  under  8*0. 


V.  OanxB.    MICA. 

Cleavage  monotonunuf,  enunent 
H.  =  1-0  ...  4-6. 
G.  =  1-8  ...  8-2. 

Metallic   :    G.  under  2-2. 

Non-metallic    :    G.  above  2*2. 

H.  =r  8*0  and  more   :    rhombohedral. 

G.  under  2*5  :    metallic. 
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VI.  Okdxe.    spar. 

Non-metallic. 

Streak  uncoloured  ...  brown,  blue. 

H.  =  3-5  ...  7-0. 

G.  =  20  ...  8-7. 

Tessular  :  G.  =  3-0  and  less. 
Rhombohedral  :  G.  =  S-S  and  less;  or  H. 

=  6-0. 
H.  =  4*0  and  less  :  cleavage  monotomous^ 

eminent. 
H.  above  6*0  :  pearly  lustre ;  G.  under  2-5 

or  above  2-8. 
G.  above  3*8  :  forms  hemi-  or  tetarto-pris- 
matic^    or  H. .=  6*0^;    no  adamantine 
lustre. 
G.  =  2*4  and  less  :  not  witliout  traces  of 

s 

form  and  cleavage. 
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VIL  Order.    OEM. 

Non'inetallic. 

No  metallic  adamantine  lustre. 

Streak  uncoloured. 

H.  =  6-6  ...  10-0. 

G.  =  1-9...    4-7. 

H.  =  6*0  and  less  :  tessular,    6.  =  3*1 
and  more ;  or  6.  =  S*4  and  less,  and  no 
traces  of  form  and  cleavage. 
6.  under  8-8  :  no  pearly  lustre  upon  faces 
of  cleavage. 

VIII.  Ordrr.    OBEi 

No  green  streak. 
H.  =  2*6  ...70. 
6.  =3*4  ...7*4. 

Metallic  :  colour  black. 
Non-metallic  :  lustre  adamantine  or  imper- 
fect metallic. 
Streak  yellow  or  red  :  H  =  8*5  and  more, 

G.  =  4*8  and  more. 
Streak  brown  or  black  :  H.  =  5*0  and  more ; 

or  cleavage  monotomous; 
H.  =  4*5  and  less  :  streak  yellow,  red  or 

black. 
H.  =  6*5  and  more,  and  streak  uncoloured  : 
G.  =  6*5  and  more. 
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IX^OsDES.    METAL. 

Hetallic. 
Colour  not  black. 
H.  =  0-0...    6-0, 

G.  =  6-7...  ao-o. 

Colour  grey  :  malleable,  6.   =   7*4  and 

more. 
H.  above  4*0  :  malleaUe. 


X.  Obbsb.    FYBITE& 

Metallic. 

H.  =  8-0  ...  6-6. 

6.  =  4-1  ...  7-7. 

H.  =  4*5  and  less  :  6.  under  5*S. 

6.  =  5*8  and  less  :  colour  yellow  or  red. 


XI.  Ordss.    glance. 

Metallic.    . 
Colour  grey,  black. 
H.  =  1-0  ...  40. 
G.  =  4-2  ...  7-6. 

Cleavage  monotomous ;  G.  bang  under  5*0  : 
colour  lead-grey. 

G,  above  7*4   :   colour  lead-grey. 
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XII.  OsDSi.    BLENDE. 

Streak  green,  red,  hsoim,  uncoloured. 
H,  =  10  ...  40. 
G.  =  8-9  ...  8-2. 

Metallic  :  colour  Mack. 

Non-metallic  :  lustre  adamantine. 

Streak  green  :  colour  black. 

Streak  brown  ...  uncoloured  :  G.  between 
4rO  and  4rS,  form  tessular. 

Streak  red  :    H.  =  2-5  and  less. 

G.  =  4*8  and  more  :  streak  red. 


XIIL  Oedxi  .    SULPHUR. 

Non-metallic. 

Colour  yellow,  red,  brown. 

Prismatic 

H.  =  1-0  ...  25. 

G.  ='1-9...  8-6. 

Cleavage  monotomous  :  G.  =  8*4  and  more. 

G.  above  2-1 :  streak  yellow  or  red. 


4QD  CHAaACTSUSTIC.  CLASS  lU. 


CHARACTEB8  OF  THE  ORDERS  OF  CLASS  III. 


I.  Oedkb.    resin. 

II.  =  GO  ...  2-5. 
6.  =  (V7  ...  1-6. 

G.  =  I'S  and  more  :  streak  unooloured. 


IL  OsBKa.    COAL. 


Streak  brown,  black. 

H.  =  1-0  ..,  2-6. 
G.  =  1-2  ...  VS. 
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CHARACTERS 

OF  THE 

GENERA  AND  SPECIES 

or  THE 

ORDERS  OP  CLASS  I.      * 


I.  Oedeb.     gas. 

I.  Hydeo6EN-Ga8.      Odour. 

G.  =  OOOOl  •..  (W)014. 

1.  PcBS.    Odour  of  hydrpgen* 
6. « <HI0013. 

Pure  Hydrogm-^Sht.  JaMX90V»  Vol  il  p.  17- 

8.  Emftbkuxatic.    EmpyrtumiCic  odmir. 
G.s.  0*0008. 

8.  SULPBTTBOUS.     OdOUT  of  pUtrid  ^ggl* 

G.  »  0-00136. 

SulpfmretUd  Hydrogm^Gat.  J.  iL  19. 

4.  PB08PHOBOU8.     OdoUT  of  pOtrid  fiA* 

O.  unknown. 

^PhotpfmntUi  Hyirogem^Gu,  J*  iL  10. 

II.  Atmosphebic-Gas.  Without  odour  or  sapicBcy. 

G.  =0-001  ...  0O016. 

VOL.  I.  2  c 
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1.  FvEX.    As  above. 

Pwn  AtmMphiHc^Air.  J.  &.  SO. 


II.  Oedxb.    water. 

I.  Atmosphkbic-Wateb.      Without  odour  or 
sapidity. 

1.  Pmtx.    Asabove.^ 

Water.  iL  %l. 


III.  Obdeb.    acid. 

I.  Cabbokic-Acid.    Taste  slightlj  ackk 

G.  =  0O018. 

1.  Oasxoub.    Expanable. 
Taste  acidnlotis,  pungent 

ASiybrm  CatbaiAc  Acid.  J.  Ur  f  9. 

II.  MuBiATic-AciD.    Odour  pungent. 

Taste  strongly  add. 
G.  =  0O0S8. 


1.  Gaskous. 

Odour  pungent. 

Allrybmi  MuriaHe  Add.  J.  iL  SX 

III.   SULFH0BIC-ACID. 

G.  =  0-0086  ...  1-9. 
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Expansible :  odour  sulphurous. 
Liquid :  taste  strongly  add. 

1.  Qabeovb,    £xpftii8ib]e< 

Airyhrm  Sulphurk  Acid.  J.  iu  83. 

S.  Liquid.    liquid. 
6. «  1-8  ...  1*9. 

ZAjM  StOphurk  Add.  i.  ii34. 

IV.  BosACic-AciB.    Solid. 
G.  =  1-4  ...  1-6. 

1.  PaiSMATic.    Frismatic. 

Taste  acidulous,  afte^ards  bitter  and  cooUngt  lastly 

sweetish. 
G.  a  1*4  ...  1-6. 

SattMie.  iL  2S. 

y.  A&SEiiic-AciJ>.    Solid. 
G.  above  S-0. 

1.  OcTAHZDRAL.    TesBukr. 
Cleayage,  octahedronf. 
Taste  sweetisli  astringent.- 

H.  a  1-5. 

G.  a  3-6  ...  3-7. 

Oetdhand  Anenk^eid.  J.  it  30. 


IV.  Obdeb.    salt. 

I.  Natboh-Salt.     Prismatic. 
Taste  pungent,  alcaline. 
H.  =  10  ...  1-5. 
G.  ±:  1-4  ...  1-6. 
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1.  HEMioPaisHATic.    Hemi-prismatic    —  sTdMr.  In- 

3 

dination  as  S^  IK. 
C3eavage,  —  sx  68r  62^    hem  diBtinet,  Pr  +  «  and 

3 

H.  a  IH) ...  1-6. 

6.   a  1*4  ...  1-fi. 

Prismatic  Natron.  J.  u.  S7. 

S.  PusMATic    Friomatic.    i^r  »  83**  SIK,  (t^r  +  oo)«  a 
107"  60'. 
>  CleaTage,  thr  +  oo,  very  indistinct. 

H.  «  1-6. 
O.  B  1*5  ...  1*6. 

Primatk  Natrvm,  J.  iL  S9. 


.11.  Glauber-Salt.     Prismatic. 

l^aste  cool,  then  saline  and  bitter,  weak. 
H.  =  1-6  ...  2-0. 
G.  =  1-4  ...  1-fi. 

1.  Peismatic    Hemi-pziamatic    L.  »  OS""  12".     Incli- 
nation a  14''  41'. 
Cleavage,  ^  +  ooy  perfect    Tntce8Qf^"a72''15\ 

and  of  Pr  +  99« 

Pritmatic  dauberSalL  J.  ii.  31. 


III.  Nitrk-Salt.    Prismatic 
Taste  saline,  cool. 
H.  =  20. 
G.  =  1*9  ...  2-0. 

1.  Prismatic.    Prismatic.    P  m  132<*  f2f,  9V 16^  107*  4Sf. 
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t 


Cleavage,  P  +  os  »  120^     Someirkal  more  diadnct 
NUre.  ii.34. 

IV.  Roce-Salt.    Tessdar. 

Taste  saline. 
H.  =  20. 

* 

G.  =:  H-ft  ...  fl'». 

1.  Hexabsdral.    Teflsular. 
Cleayage,  hexahedron. 

Hcxahedrai  Bock'Salt*  J..  il  36. 

V.  Ammokiac-Salt.     Tessular. 

Taste  saline,  pungent. 
H.  =  1-6  ...  20. 
G.  =  1-6  ...  1-6. 

1.  Octahedral.    Tessular. 
deayage,  octahedron. 
Octahedral  Sal  Ammoniac.  J.  IL  39. 

VI.  ViTBioifSALT.     Prismatic. 

Taste  astringent 
H.  =  20  ...  2-6. 
6.  =  1*8  ...  2*S. 

1.  Heki-Prisxatic.^    Hemi-prismatic    -.  «  101^  SjK. 

Indination  i^  W  W. 
Cleavage,  P  — . «.    Somewhat  less  distinct,  P  +  «  sa 

82^21'.    IncUnatiao  of  P— soon  P+ 00  »  99^23'. 
Colour  green. 
H.  »  2*0. 
G.  a  1-8  ...  1*9. 

Green  VitrwL  J.  H.  41 
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S.  Titarto-Peisv^tkc  .  TetartD-priAnatic. 

deavtge,  two  tkces,  one  of  them  moie  appsroit;  both 

indiflUoct.    Indination  a  1S4«  9^ 
Colour  blue. 
H.  «  S-S. 
.  G.  «  2-8  ...  2-9. 

BU»  VUHoL  J.  ii  44 

a*  PmxsxATic.    Prismatic    P  +  tt  a  99"  42^ 
Oeavige^  t^  -f  e»,  pet&ct 
Colour  white. 
H.  IB  2*0  ...  2*6. 
6.  i«  2H) ...  2*1. 

WhiUVUrkL    J.  iL  4e. 

VII.  Epsom-Salt*    Prisma^ 

Taste  saline,  bitter. 

H.  =  8-0  ...  a-6. 
G.  =  1-7  ...  1-8. 

1.  Prismatic.    Prismatic.    P  •«-  oo  »  SO""  38'. 
OeaTage,  th-  +  oo,  perfect. 

Pritmatk  Bpsom  Salt.    X  iL  48. 

VIII.  Al0m-Salt.     Tessular. 
Taste  sweetish,  astnngent. 
H.  =  SO  ...  «-6. 

G.  =  1-7  ...  1-8. 

1.  OcTABSDRAL.    Tessular. 
desTage,  octahedron. 

IX.  Bo&ax-Salt.    Prismatic. 

Taste  sweetish,  feebly  alcaline. 
H.  =  8-0  ...  «-6. 

G.  =  1-7  ...  la 
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•ft 
1.  PusMATic.    Hemi-prismatic    —  a  ISO"*  23'.     Indi- 

Hi.  2 

nation  b  0. 
Qeavage,  {Pr  +  »)*  ^  80^  9^.    Somewhat  more  dis- 
tinct, Ihr  +  09. 

Jlofnuw  ii.  52. 

X.  Bbithtne^Salt.     Prismatic. 

Taste  saline,  feebly  astringent* 
H.  =  «-5  ...  8-0. 
G.  =  2-76  ...  a-86. 

ft 

1.  PaisxATic.      Hemi-prismatic     ±-  a  120'*  22^.  IncE- 

nation  a  2r  49". 
CleavageyP— .09, perfect    Tnoe8ofP  +  o9  aSO'e'. 
IndinationofP— .09onP-|-09  »  104^' 28". 

GtauberUe.  iL  p.  M. 


BhedUe. 

2iL   79. 

Mateagnhe, 

iiil2ft. 

NUrate  qfSoda^  of  Chemists. 

iiL132. 

PdlyhdlUe, 

iii  141. 

SulphaUof  Cobalt.  Chem. 

iiil45. 

Sti^haU  tf  PoUah,  Chem. 

iiLI69. 

Tr&na. 

iiLlM 
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CHARACTERS 


OF  THE 


GENERA  AND  SPECIES 


OF  THE 


ORDERS  OF  CLASS  II. 


I.  Ordse.    HALOIDE. 

I,  Gypsum-Haloide.    Prismatic. 
H.  =  IS  ...  8-5. 
G.  =  «-2...  8-0. 

G.  above  S'5:  deavage  in  three  direc- 
tions, perpendicular  to  each  other,  one 
of  them  being  leae  distinct 

1.  Peiskatoidal.    Hemi-prismatic    —  asltt'SS'.    In- 

cliiiaaon»9Ml'.  . 

Cleerage,  h  +  oo,  perfect  «nd  eminent.  —  ~  «  86* 

ftj*.  Pr+». 
H.  SB  1*6  ...  2«0. 
6.  mm  3'2  ...  2-4. 
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2.  PEMMAtic.    Prismatic.    P  » 121*  32",  108''  3y»  99"  T 
Cleftvage,  ^r  -|-  co.    Pr  4-  »•  Leas  cUstinet,  P  —  «. 

Traces  of  P  +  oo  »  IW  8'. 
H. :-  3*0  ...  3*5. 
G.  s=  2*7  •••  3-0. 

Anh^drUe,  il  62. 

II.  Ceyome-Haloide.    Prismatic. 

Cleavage  in  three  directions^  perpendicular 
to  each  other,  one  of  them  bdng  more 
distinct* 

H.  =  2-5  ...  80. 

G.  =  a-9  ...  8-0. 

1.  PusMATic.    Prismatic. 

Cleayage,  P  — .  m.    Less  dbtinct»  l^r  +  oo.  Pr  +  o» 
Traces  of  P. 
CrydOte.  il  68. 

III.  Alum-Haloide.   Rhombohedral. 

H.  =  SO. 

G.  =  2-5  ...  «*a 

1.  RaoMBOHKDBAL.     Rbombohedml.    R  s  92*  5(K. 
Cleavagey  R  — oo.    Less  dbtinct,  R. 

Bhomboidai  Ahtmstone,    J.  ii  67. 

IV.  Fluob-Haloide.    Tessular,  rhombohedral 

H.  =  4-0  ...  6-0. 
6.  =  8-0  ...  8-8. 
Rhombohedral :  cleavage  peritomous. 

1.  OcTAHXDBAL.    Tessular. 
Cleavage,  octahedron. 
H.  »  4-0. 
G.  a  3*0  ...  3-3. 

Fluor,  il  69. 
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2.  Rhombohedkal.    DUrhombobednL     P  »  143*  80^ 

80"*  86'.    (P  +  nf  hemi^^ombohedna  with  pa- 
rallel ftces. 

Cleavage,  £  —  oa.    P  +"«. 

H.  »  5-0. 

G.  as  3-0  ...  3*3. 

ApafUe.  ii*  79*  • 

V.  Lims-Halojde.     Rhombohedral,  prismadc. 

Cleavage,  rhombohedral  and  panitonious,  or 

prismatoidal. 
H,  =  30  ...  4}-6. 
G-  =  2-6  ...  8-2. 

H.  above  40 :  G.  =  S*8  and  more. 

G.  =  2*9  and  more :  H.  =  S*5  and  moie. 

1.  Prismatic.   Prumatic   Pa.  118'>39',  93^*33',  183*34'. 
aeavage,  Pr  —  1  »  108*  8^.    (^r  4-o»)«  »  63*  44'. 

More  distinct  Pr  +  o. 
H.  «=  3*5  ...  4*0. 
6.  a  2*6  ...  3*0. 

Arragomte.  \       *  ii  70^ 

8.  BHOUBOHisoBAt.    RhombohedraL    R  as  105*  5'. 
Cleavage,  R. 
H.  aS-O. 
Ok  a  2*6  ...  2*8. 

RhomJboidal  LimcUonc.  J.  iL  83. 

3.  Macrotypous.     Rhombohedral.    R  a  106*  16^. 

Cleavage,  R. 
H.  «  3*6  ...  4*0. 
G.  »  8*8  ...  8*06. 

DolomUe.  '  '    iL  OS. 

4.  Bracbyttpous.    RhombohedraL    R  as  107*  W. 

Cleavage,  R. 
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H.  B  4<0  ...  4*6. 
6.  »  8-0  V.  9% 

Jimmnerite.  iL  9II» 

4.  Pamatomous.     RhombdiediaL     R  »  loe*"  IS', 
deavage^ll. 
H.  a  3*6    ...  4*0. 
6.  a.  2«M  ...  3*1. 

Ankerits.  iL  100. 


ChUdreniUf  jiL    86. 

FSMfiKe.  liL  101. 

JTcgwif^  iiL  109. 

MagnetUe.  iiL  121. 

PharmaeMct  iiL  135. 

A»M»&  iiL  147. 

FTavfflita.  iiL  169. 


II.  Oedeb.    BARYTE. 

I.  Paeacheose-Baetts*  'Rhombohedral. 
Cleavage  paratomous. 
H.  =  8-6  ...  4-6. 
G.  =  8-8  ...  8-9. 

1.  BaACHTTTPovB.    BhombohedxsL    B  a  107^  C. 
Oeavage^B. 
H.  -»  3-ft  ...  4-5. 
6.  B  8*6  ...  8*9. 

BhomMdai  Sparry  Iroti.    J.  iL  101. 

a.  MAcaoTTPOVt.    BhombohednL    B  »  10(P  ftK 
ClesvageyB. 
H.  »  8-8. 
6.  B  3-8  ...  8-e. 

Rhmboidai  Red  Manganese,    J,  iL  108. 
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II.  Zimc-Babytb.     Rhombohedral,  prismatic. 

H.  =  6-0. 

6.  =  S*S  •..4*6. 

Rhombohedral :  6.  above  4*0. 

1.  PaitXATic.    Prumatie.    Pr  -.  1  »  138*  27'. 

CleftTage,  ^  b  116"*  4ff.    Somewhat  mora  distinct, 

(ftr  +  »)»  .  7«*  7'. 
H.  »  5«0. 
O*  BB  3*3  •••  3*6* 

PriifMitic  Cakmine.  X  iL  108. 

2.  Rhombohedral.    BhomlxAedniL  E  a  107*  4<K« 

Ciearage,  B. 

H.  a  6H). 

G.  a  4-2  ...  4-S. 

Hhomboidal  Calamknc  3.  iL  111. 

III.  Scheslium-Baryte.     Pyramidal. 

H.  =  4-0  ...  4-5. 
G.  =  6-0  ...  frl. 

L  PrxAMiDAL.    Pjramidar    P  a  IHT  VI',  113*  35^. 
Combinations  hemi-pTiamidal  with  parallel  fiues. 
Clearage,  P  +  1  .  J00>  8",  130*  20^.    P.    P  —  co. 
Pyramkdal  Tutigttau  J.  iL  IISL 

IV.  Hal*Babytk.    Prismatic.^ 

H.te80  ...  3-6. 
G.  =  8-6  ...  47. 

i.  Pebitomous.    Prismatic. 

OeaTi^e,  P  -h  tt  a  117*  Id'.     Lms  distinct,  h. 

Traces  of  1^r+  os. 
H.  a  3*5. 
G.  a  3*6  ...  3*8. 

StnmiUtdU.  iL  lis. 


OBDX&  II.  GEKESA  AKD  SPECIES.  418 

2.  Di«PftXBifATic.    Prismatic. 

CkftTnge,  P  +  CD  «  118^  W.    Pr  -^  oo.    Pr, 
H.  s  S-0  ...  3*5. 
6.  s  4-8  ...  4-4. 

Witherite,  ii.  II9. 

3.  PftiSMATK?.     Prismatic.     Pt  »  105^  Cf ;  (Pr  +  oe)* 

«  77'  a7'. 

Cleavage,  Pr  »  78''  IBf.      Somewhat  easier,  i^r  +  oe. 

Traces  of  P»  00. 
H.  a  3*0  ...  3*5. 
6.  a  4-1  ...  4'7. 

Heaoy^Spar,  J.  IL  121. 

4.  Prismatoxdal.    Prismatic    fhr » 108*  58^.   (h  +  oo)* 

»  78^  3^. 
Cleavage,  Pr  a  78®  S'-    More  apparent,  Pr  +  09.    Less 

distinct,  P  -.  oo. 
H.  ss  3*0  ...  3*6. 
•  O*  as  3*8  ...  4*0. 

CekiHne.  iL  126. 

V.  Lxad-Bakytx.      Rhombohedral,   pyramidal, 
prismatic. 
H.  =  «-6  ...  4-0/ 
G.  =  60  -.  73. 

H.  above  8*5 :  G.  =  6-5  and  more. 

1.  Di-PaisuATic     Prismatic.     P  aa  130*  0',   108°  28, 

Oa'lft'. 
Cleavage,  ^  «  117*  13'.    (l^r  +  go)*  s  69*  20". 
H.  as  3*0  ...  8*(k. 
O.  ac  6*3  ...  6*6« 

Di'PHmaac  Lead^par,  J.  ii.  130. 

2.  Rhombohzdsal.     Di-rhombohedraL    P  m  142*  12^, 

80*  44'. 
dsavage,  P.    P  +  6e.    BoUi  very  indistinct 
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H.  a  3*6  ...  4-0. 

Rhomboidal  Leai^Spar.  J.  iL  13& 

3.  Hsmi-Peismatic     Hemi-prittnatic     ±.  »  119*  O'. 

Indination  «  IT  W. 
Cleavage,  F+09a.93*4(K.    h+os.    Pt+od. 
Streak  orange  yellow. 

G.  B>  6-0  ...  6*1. 

Bed  LeatUSpm-.  J.  iL  197. 

4.  Ptbakibal.    PynamdaL    P  .  99°  4(K,  131*  36'. 

Cleavage«P.     Lefladistiiict  P— «. 

H.»3*0. 

6.  B  6*6  ...  6*9. 

rOhw  LMtUSjpar.  J.  iL  140. 

ft.  Peismatic.    Prianatic    i^  >«  104*  ftft' ;  (^r  *f  o)*  » 

78*  4ft'. 

Cleavage,  Pr  «  76*  ir.    Pri-m. 

H.a«3H). 

6.  ■>  6-2  ...  6*3. 

SMlphaUqfLmd.J.  ii.  143. 

p 
6.  AzoTOMoua.     Hend-prlaniatic.      1.  » 7S*  36^.     In- 

« 

clination  b  0*  SO'. 
Cleavage,  P  -»  e»,  pedtet  and  eminent 
H.  IB  2*ft, 
0»  SB  6*8  ..%  6*4* 

5'^pftato.#ri.Car5oiiaAp^£e^  Beookb»      iL  144. 

VI.  Aktihont-Baettk.    Prkmatic 
H.  =  2-6  ...  8-0. 
Gr.  =  6*5  •••  o*6* 


1.  Peismatic.    Prismatic.    Jh-  «  70*  d». 

Cleavage,  (Pr-f-  oo)«  « 186*  ftO',  higfalj  perfect  Pr-I-  oo. 


I 

i 
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Prismatic  White  Antitrumy.  J.  iL  161. 


Carneoui  Lead.  J.  iL  160. 

Cupreout  Sulphate  of  Lead,  BbookC.  tL\4B* 
Cupreous  Suljphato^Carhonate  of Lead^BMOOXE.^  148L 

Fluate  of  Cerium  $  Chem,  iiL  lOa 

Hemlprismatic  HaiUbaryte.  ixL    7^ 

Peritomous  Lead-baryte,  iL  161. 

Phmbgomme  9  iii  140b 

Stromnite  9  iii.  160. 

Sulphato-Cafhonate  of  Lead,  Brooke.  iL  148. 

Tungttate  of  Lead,  Chem.  iiL  ISft. 

Yttro^CeriU  9  J.  uL  17S> 


III.  Oedeb.     EERATE. 

I.  Pearl-Kebate.    Tessular,  pyramidal. 
H.  =?  10  ...  20. 
Gk  =  6-6  ...  6*6.* 

m 

1.  Hexahbbbal.    TesBular. 

CSeavagey  Acne. 
Malleable. 
H.  ^  1*4  ...  1*5. 
G.  a  5-6  ,..  5*€; 

Hexahedron  Corneous  SUver,  J.  iL  154. 

2.  Ptbamibal.    PyramidaL    P  »  126''  SI',  79^  d^ 

deftvagey  P  +''eo,  imperfect 

SecUle. 

H.  »  1-0  ...  2-0. 

G.  a.  6*4  ...  6*6. 

Calomel.  ii-  16«. 
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IV.  Oeder.    malachite. 

L  Staphylinb-Malachite.    Amorphous. 

H.  =  2-0  ...  S-0. 
G.  =  8-0  ...  2-2. 

Ukcleavable.    Cleavage  none. 
Fracture  conchoidaL 

ChryfOcoUa.  ii.  156;. 

II.  Liboconb-Malachite.     Tessular,  prismatic. 

H.  =  2-0  ...  2-6. 
G.  =  2-8  ...  80. 

1,  Pkisxatic.    Prismatic 

Cleavage,  Pr  B  71"*  59^.    P  +  eo  ,.  Hg*"  45' imperfect. 
Streak  pale  verdigria-gieen  ...  dcjr-bloe. 
H.  xm  2*0  ...  2-6. 
G.  «  2*8  ...  3*0. 

Pritmaiic  lArkohUe,  J,  iL  160. 

2.  Hexahxdbal.    Semi-tes8ular  with  inclined  fiicea. 

Cleavage,  hexahedron,  imperfect 
Streak  pale  olive-green  •«.  bioirn. 

H.  a  2*6. 

6.  a  2*9  ...  3-a 

ffexahedral  LirieonUe,  X  it  \02. 

m 

III.  Olive-Malachite.  '  Prismatic. 

Colour  or  streak  neither  blue  nOr  bright 

green. 
H.  =80...  4-0.- 
G.  =8-6...  4-8. 

I.  pExaxATic.    Priamatic. 

Cleavage,  Pr  »  110*>  50^.    P  -i-oo  »  92'' SO'.    Both 

very  indistinct. 
Streak  olive-green  ...  brown. 
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H.  »  3H). 

G.  a  4-2  ...  4-6. 

PrUmatic  or  Acicuhr  OUvenUe,    J.  iL  184. 

2.  Di-PsisMATic.     Prismatic.    ^  a  IIP  50".     P+oo 
»  96°  2r. 
Cleavage,  th:  +  »•    Pr  +  oo.    Both  very  indistinct 
Streak  olive-green. 
H.  «  4H). 
G.  =  3-6  ...  3-& 

Di^primaHc  OfhenHe.    J.  ii.  166. 

IV.  Azube-Malachite.     Prismatic. 

Colour  blue. 
H.  =  8-6  ...  40. 
G.  =  8-7  ...  8-9. 

p 

1.  Peismatic.     Hemi-priamatic     —  a  117^  37'*    Incli- 

2 

nation  =»  2''  21'. 
Cleavage,  (&r  +  op)  *  »  59''  14'.    Less  distinct,  P  _  oo. 

Traces  of  ^  »  99°  32'. 
Streak  blue. 

PritmaHc  Blue  MalachUe,    J.  ii.  167. 

V.  Emebald-Malachite.    Rhombohedral. 

H.  =  60. 

6.  =  8-2  ...  8-4. 

1.  Rhombobsdral.    RhombohedraL    B  +  1  a  96**  48'. 
Cleavage,  R  »  126°  17'. 
Streak  green. 

JMoptate.  iL  171. 

VI.  HabbonemE'Malachite.     Prismatic. 

Colour  or  streak  bright  green. 

VOL.  I.  2d 
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H.  =  8-6  ...  60. 
G.  =  S-6  ...  4-8. 

1.  Pemmatic.    Hemi-prismaUc    (Pr  +  »)*  a  38*  S6^ 
Cleavage,  traces  of  — and  1^  -f*  oo. 

Streak  emerald-green. 

H. »  5-0. 

G.  »  4-0  ...  4*3. 

PrUmoHeGreemMaheMU,    J.  iL  ITS. 

3.  HsMi-pai8MATic.     Hend-prismatic.    L.  «.  139*  17'- 

Indination  a  0.    P  +  oo  i.  103"*  43'. 

Cleavage,  —  !^B6r  41^,  and  i^r  +  »  highly  perfect 

Streak  grass-green,  apple-g^reen. 
H.  s  3-6  ...  4-0. 
G.  »  3*6  ...  4*05. 

CofnmoM  ilfoiiacMle.    J.  ii.  17& 


AtactumU. 

111.    74. 

BrochanHie. 

liL    81. 

EvchroUe, 

111.     94* 

Green  Irtm^Earihf  Weemxe. 

lii.  108. 

Sadiaied  Acktdar  (Hhenite.    J. 

iii.  144. 

ScorodUef 

ilL  149. 

VauquMnUe$ 

iiL  167- 

VOvet-Blue  Copper  f    J. 

Hi.  188. 

V.  Order.    MICA. 

I.  EucHLOJLK-MiCA.     Rhombohedral,  pyramidaly 
prismatic. 
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Streak  green  ...  yellow. 
H,  =  10  ...  2-6. 
G,  =  8-5  ...  8-2. 
Streak  green  :  6.  r=  2*6  and  less;  or 
=:  do  and  more. 

1.  Bhombobsdkal.    ]EUiombohedrBL    R  m  68*  4iy'. 
deayage,  B>— os. 
Streak  emenldigreen,  apple-greeik 
H.  >■  2-0. 
~  O.  mm  2*6  ...  2*8. 

Hemi-prUmaiUi  Copper^MUa,    J.  iL  178. 

1.  PaisKATic.    Prismatic. 
Cleavage,  P — oo. 
LamiiMR  flexible. 
Streak  pale,  ajyple^glreeiu 
H.  »  1-0  ...  1-5. 
O.  »  3-0  ...  3-2. 

Kupfirif^uiwm*    Weeweb.  iL  189. 

8.  Pteamidal.    PyxamiclaL    P  «  96*  48^,  143**  2". 
Cleavage,  P  —  oo. 
Turning*  not  flexible. 
Stredc  green  ...  yellow. 
H.  K  2-0  ...  2-6. 
G.  »  3^  ...  3-2. 

Uramite.  ii.  \9k 

II.  CoBALT-MiCA.    Hemi-prismatic. 

Cleavage  parallel  to  the  plane  of  inclination. 

H.  =  2-6. 

G.  =  2-9  ...  8*1. 

1.  PaiBMATic.  Hemi-priBinadc*  —  w  118^  W.    IneUna^ 

2 
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Cleavage,  t^r  +  ok. 
Streak  red  ...  green. 

Priwuaic  Red  CobalL    J.  iL  184. 

III.  Ibon-Mica.     Prismatic. 

Streak  uncoloured  .,.  blue. 

H.  =  80. 

G.  =  2-6  ...  2-7. 

.   I.  Prismatic.     Hemi-priBmatic  ±-  a  119**  4'.     IncUna^ 

Hon  s  U)-  53'.     —  s  64«  13'. 

2 

Cleavage,  ^r  +  gc. 

VlviamU.  iL  188. 

IV.  Gsaphite-Mica.     Rhombohedral; 

H.  =  lO  ...  20. 
G.  =  1-8  ...  21. 

1.  Bbombobkdral.    Di-riioinbohednd. 
Cleavage,  R  — oo. 
Metallic. 
Streak  black. 

Pktmbago.  iL  191. 

V.  Talc-Mica.     Rhombohedral,  prismatic. 

Streak  uncoloured  ...  green. 
H.  =  10  ...  2-6. 
Q.  =2-7...  80. 

Streak  green  :  G.  =  2-8  and  less. 
Hemi-prismatic :  cleavage   perpendicular 
to  the  plane  of  inclination. 

1.  PaisMATic.    Prismatic.    P  +  eo  a  ISO"  (nearljX 
Cleavage,  P  —  oo. 
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Laminse  flexible. 

Streak  uncoloured  ...  green. 

H.  »  1-0  ...  1-5. 

6.  B  2-7  ...  a-8. 

Pritmatic  Tak-Mka.    J.  iL  193. 

'     ^.  Bbombohedral.    Bi-rhombohedraL 
Cleayage,  &  — •  oo.     . 
Laminfe  elastic 
Streak  uncoloured. 
H.  S8  2*0  ...  2*5. 
G.  8s  2*8  ...  3*0. 

RhombaUUa  Tak^Miea.    J.  ii.  198. 

yi.  Peabl-Mica.     Rhombohedral. 
H.  =  3-6  ...  4-6. 
G.  =5  8-0  ...31. 

1.  Bhoubohedral.    Di-rhombohedraL 
Cleavage,  B  —  oo. 
Streak  uncoloured. 

Margarite,  iL  204. 


VrdnttedHief  iii    90. 

Hffdrate  of  Magnesia,    Chem.  iiL  112. 

Pynmwme.  iii  143. 


VI.  Obdeb.    spar. 

I.  Schilleb-Spabi    PriamBtic. 

Cleavage  monotomous,  eminent. 
H.  =  S*6  ...  6-0. 
G.  =  8-6  ...  8-4. 


4SSi  CUAKACTSBISTIC.  CLABB  II- 

1.  D1ATOMOU8.    Prumatic 
Cleavage  priamatoidaL 
Luatre  metallic-pearij. 
H.  wm  3*6  ...  4-0. 
O.  ■>  2*6  ...  8-& 

Diatomoiu  Stkiaer^ftr*    J.  iLMML 

deavage,  ft:  +  e».    JLeasdiatioct,  l!»79*aiidP  +  « 

»94^    TiaoesofPr +0D. 
liuatre  metallio-pearly. 
H.  s  4*0  ...  6*0. 
G.  »  3*0  ...  3*3. 

BroiuUe.  it  907. 

3.  PftisiCATOiDAL.    Primiatic. 

deavage,  ^r  +  00.    Leas  distincty  P  +  «  m  93*  (near- 

ly>    Pr  +  09. 
Lustre  metallic-pearly. 
H.  «6*CfL 
6.  »  3-3  ...  3*4. 

4.  PftUXATiG.    Prismatic 

Cleavage,  Pr  +  oo.    Somewhat  less  distinct,  P  +  os  «■ 

IS4*'30'.    j^r  +  tt- 
Lustre  almost  metallic-pearly, 

H.  OB  6*0  ...  6*6. 
G.  —  3*0  ...  3*3. 

Aidh^mu.  vu  911. 

II.  DiaTHBMS^SpAK.    Prismatic 
H.  =  60  ...  70. 
G.  =  6-0  ...  8-7. 

1.  PusxATic.    Tetarto-piismatic. 

Cleavage,  two  fiices,  one  of  them  moie  distinct)  per- 
ftct  and  eminent.    Inclination  a  100*  AO'. 
KywfMt.  iL  913. 
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■ 

III.  Triphane-Spar.    Prismatic. 

Cleavage,  somewhat  more  distinct  in  one 

direction* 
Colour  not  blue. 
H.  =  60  ...  7-0. 
G.  =  2-8  •..  81. 

1.  Patsmatxc.    Prismatic. 

Cleavage,  P  +  oo  sk  9S^     Somewhat  more  distinct^ 

Pr  +  o©. 
H.  a  6*5  ...  7^. 
G.  »  3-0  ...  3*1. 

S^odumene.  ii.  SI6. 

%  AxoTOMous.    Pritmatic. 

Cleavage,  P  +  e»  »  99*  SCK.    More  distiiict,  P-»os. 
R.  »  6-0  ...  7HK. 
O.  a  2-8  ...  S'O. 

PrehnUe.  iL  SI?. 

IV.  Ditstomb-Spar.    Prismatic. 

Cleavage  difficult ;  lustre  of  th^  firacture  re- 
sinous. 
Colour  not  blue. 
H.  =  60  ...  5^5. 

6.  =2-9  ...8  0. 

p 

I.  pEiBMATic.    Hemi^priamatic.    —  » 192**. O'.    Indimu 

Uon  »  !<"  41'  30^'. 
Cleavage,  P  +  oo  —  IV  W^  veiy  Indistinct  $  a  little 
more  distinct,  thr  +  e». 
IMoiUe.  ^MK 

V.  Koupuoitb-Spab.       Tessular,    rhombphedral, 

pyramidal^  prismatic:. 
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H.  =  8-6  .,.  6€. 
G.  =  2-0  ...  2-6. 

Pyramidal :  cleavage  axotomous,  emioeot 

H.  =  6-0 :  tessular, 

1.  TxAPSJEOiDAi..    Tessular. 

Ckayage,  hexahedron,  dodecahedron,  imperfect. 
H.  IS  5*5  ...  6H>. 
6.  «  2*4  ...  3-fi. 

LeucUe.  iL  224. 

2.  DoDSCABEBSAL.    TessulaT. 

Cleavage,  dodecahedron  distjiict. 
H.  a  6*6    ...  6*0. 
G.  »  2-25  ...  2-35. 

SodaRte.  iL  226. 

5.  HszAHEDKAi..    TesBulaT. 

.  deavage,  hexahedron,  impef&ct. 
H.  »  5*5. 
G.  3B  2-0  ...  2-2. 

AnaMme.  iL227. 

4.  Faratomovi.    Prismatic 

Cleavage,  P.      thr  +  oe.      Somewhat  easier  Pr  +  »- 

Imperfect 
H.  -.  4*6.  - 
G.  »  2-3  ...  2-4. 

Harfiutome.  li.  229. 

6.  Rbombohedral.    RhombohedraL    R  «  94*"  W. 

Cleavage,  R. 
H.  «  4-0  ...  4*5. 
G.  B  9*0  ...  2*1. 

t:habatite.  iL  232. 

Q.  DtATOMOUS.    Hemi.prismatic    P  4-  oa  ^  86^  id'. 
Cleavage,  ^  +  00.    Traces  of  Pr  +  eo* 
I(.  unl(nown. 
O.  »  2*9  ...  2-4. 

LttummUe,  ii.  234. 


ouuku  VI.        g£:n£ka  and  sp£Ciks.  4HS 

7.  PmiSHATic.    Prumatic.   P  »  H3'*20',  142**  4<K,53<'20'. 

Cleavage,  P  +  oo  =  91°  (K. 
H.  s=  5-0  ...  6*5. 
6.  as  2-2  ...  2-3. 

JMetoiype,  ii.  23(». 

8.  PEI8MATOIDAL.  Piismatic    P  »  119'  15',  114°  (K,  96°  (K. 

Cleavage,  !^r  +  oo,  eminent 
H.  s  3-5  ...  4-0. 
G.  »  2-0  ...  2-2. 

Stmite.  ^  iL  230. 

9.  Hemi-Pribmatic      H«mi-pn0iuatic.     Irregular  six- 

aided  prism  of  129°  40",  116°  20^,  and  114°  0". 
Cleavage,  {^r  +  oo,  very  eminent. 
H.  »  3-5  ...  4H). 
G.  «s  2-0  ...  2-2. 

HeukmdiU.  IL  242. 

10.  Pyramidal.    Pyramidal.    P  «  104°  2",  121°  0". 
Cleavage,  P  —.  ee,  eminent    {P  +  oo]  imperfect 
H.  a  4-5  ...  6-0. 

G.  S8  2-2  ...  2-5. 

ApOfhyUite,  iL  244. 

11.  AxoTOJfova.  Prismatic  P»106''52',101°37',120°34'. 
Cleavage,  P  —  oo,  eminent    Less  distinct,  Ih:  +  oo. 

Pr +00. 
H.  »  4-5  ...  5*0. 
G.  8  2-2  ...  2-5. 

Apophymte.  u.  246. 


Brewsterite,  iii.    0. 

CompUmUe,  iiL    89. 

GmeJiniU,  iii.  104. 

Leoyne.  ill.  120. 

Me$ck,  iii.  126. 

Metokne,  iii.  126. 

SarcolUi,  iii.  147. 

ThomiOniic,  iii.  162. 
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VI.  Petalii^r-Spar.     Prismatic. 

H.  =  60  ...  6-6. 
G.  =  2-4  ...  2-5. 

1.  Peismatic.    PrismaUc  * 

Cleavage,    a  priam  of  IM^*  (n«arlj).     More  duiinct, 
Pr  +  oo, 

Petakie.    ^  IL  248. 

VII.  Feld-Spab.       Rhombohedral,    pyramidal^ 

prismatic. 
H.  =  SO  •..  6-0. 
G.  =  2-5  ...  2-8. 

H.  =  6*5  and  lessc     form  pyramidal, 
cleavage  not  axotomous. 

1.  Bhokbohedbal.    Bi-xliombohediiL    P  «  139*  W, 

Cleavage,  B  — -  oo.    R  +  oo. 

6.  sm  2*6  ...  8-6. 

NepheHne.  iL  250. 


2.  Prismatic.    Hemi.iirismat]C  —  «  126*  12^. 

^  2 

tion  »0. 

IS* 
Cleavage, »  11  »  64*  34',  peiftct    Pr  +  e»  perfect, 

but  often  interrupted.    {1h  +  oo)*  a  US'"  52*,  im- 
perfect. 

H.  »6*a 

6.  »  2*6  •..  2*6. 

Priimatk  FeUpar.    J.  ii.  2S1« 

a.  PnuLXiDAL.    PjxamidaL    P  ■>  136*  7\  63*  48". 
Cleavage,  P  +  »•  [P  +  »].    Tncea  of  P  — oo. 
H.  ss  6H> ...  6'5. 
Q,  wm  2*5  ...  2-6* 


O&BBE  VI.  GfiKE&A  AMD  8FXCIES.  4&1 

WemerHe,  ii  204. 


AWke. 

iL  265. 

AnotihUe. 

HiL    71. 

ElaoTOe. 

ii.    93. 

FfUparfiom  Baveno,    Vulg. 

iL  2dr. 

Felspar  from  the  Saiialpe.    Vulg. 

ii257. 

tdbnutorUe. 

ii.  267. 

LatrobUe. 

ilLll& 

iiL133. 

yill.  AvGiTB-S?AB.    Prismatic. 
Lustre  not  metalliopearly. 
H.  =  4-6  ...  70. 
O.  =  2-7  ...  8-6. 
H.  above  6*0 :  G.  =  S-2  and  more. 
G.  under  8  S :  cleavage  oblique-angular 
peritomous,  perfect. 

1.  Paratokovs.    Heml-prisiiiatic.  £.  a  190*'(K.    tl  mt 

73*64'.    Indination  a  0. 
Cleavage,  (Pr  +  •)•  a.  87*"  6^.     JPr  +  od.    Pr  +  od. 

Sometimes  — . 
2 

Id[>  as  6*0  .*•  D^. 

G.  «■  3-2  ...  S-6. 

PyroMM.  a,  968. 

2.  Hkxx-Frismatxc.     Hemi*priflmatic     i-  m  148*  W. 

2 

^  a  76"*  2^.    Inclination  a  0. 
2 

Cleavage,  (l^r  +  od)«  a  124'*34'.    Lew  distinct  ft: +ee, 

Pr  +  00. 
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H.  as  5-0  ...  6*0. 
G.  mm  2-8  ...  3-2. 

AmpMbole.  ii.  874. 

3.  P&isMATOiDAL.    Hemi-piismatic.    JL  b  70*  SS'-    1- 

8  8 

a  63^43'.    Inclination  »  0*  39'. 
aeavfge,  —  ^  »  64*  36'.    Mo»  distinct,  ^  +  oo. 

H.  s  6-0  ...  7-0. 
G.  =3  3*8  ...  3*5. 

Epidote.  iL888. 

4.  Prismatic    Priflmatic, 

deavage,  perfect  in  two  directions,  one  of  Uiem  bang 

more  eaalj  obtained.    Inclination  a  95*  Sd'. 
H.  s  4-5  ...  5*0. 
G.  »  2*7  •••  2-9. 

WoUattonUe.  ii  286. 


AcmUc  iik   67* 

Arfredtomie.  iii    73. 

BaHtigloniie.  iiL    75. 

InditmUc  iiL  113. 

J^^ionUe,  ilL  115. 

MaHganeiC'Sparf  J.  iiL  188. 

WUhanUte.  ixL  170. 

IV.  Azube-Spab.     Tessular,  prismatic. 
Colour  blue. 
H.  =  60  ...  60. 
G.  =  2*9  ...  81. 

1.  DoDECAHEDRAi..    Tessular. 
Cleavage,  impe^rfect 
Colour  bright. 
Streak  blue. 
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H.  as  5*6  ...  6H>. 
G.  B  2*9  ...  3^. 

Jbntrertone  or  Lapit  LazuB^  J.  iL  288. 

2.  Pkibmatic.    Prismatic. 

CleavBge,  P  +  09  s  9r  SCK,  imperfect 
GdouT  bright 
Streak  unoobured. 
H.  s  6-0  ...  5-ft. 
G.  s  3*0  ...  3*1. 

LasuiUe.  iL  290. 

9.  PBiSMATOiDAL.    Prismatic. 

CleavaiKe,  prismatoidal)  imperfect 
Colour  pale. 
Streak  uncoloured. 
H.  s  5-6  ...  6*0. 
G.  s  3*0  ...  3-1. 

PritmaMdal  Azure-Spar  or  Blue-S^ar,  J.     iL  292. 


AnMygonUe.  iiL    70. 

BergmannUe*  iiL    77* 

BudclandiUf  iiL    83. 

CahUe.  iiL    83. 

atiastoUte.  iiL    84. 

Diaspore.  iii.    92. 

^Sudiaiyte.  iiL    96. 

GehknUe.  iiL  102. 

Haiiyne.  liL  107. 

KarpktMsf  iiL  110. 

N^rUe.  iiL  131. 

SautsurUe,  iiL  J  48. 

5t27tmafilfe.  iii.  153. 

Somervme.  iiL  154. 

T^biftte.  iiL  162. 
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VIL  Ordbh.    gem. 

I.  Akdalusitb.     Prismatic. 

Cleavage  not  prismatoidal. 

H.  =  7-6. 

6.  =  8-0  .,.  8-8. 

1.  PmniCATic.    Prismatic 

OcATBge,  P  +  Q»  ««  01"  Sa'.    ^  +  o».    Pr  +  «• 

Andaiutde.  a.  RM^ 

II.  CoauHDUM.      Tessular,  rbombohedral,   pris- 

matic 
H.  =  8-0  ...  9-0. 
G.  =  8-6  ...  4* 

Priismatie :  G.  =.  8*65  and  more;  H.  =  8^5. 

Colour  red  or  brown ;  G.  =  8*7  and  more : 
H.  =  9-0. 

1.   DonRCABRBRAL.      TeflBUlSf. 

Cleavage,  octahedron,  dl£Beult. 

H.  B  8*0. 

O.  a  8'6  ...  3-&' 

SpitteOe.  ;  ii.  RM. 

R.  OcTAHRDRAL.    TesBukr. 

Cleavage,  octahedron,  perfect.  * 

H.  »  8-0. 

G.  B  41  ...  4-3. 

Gahfdte.  ii. 

8.  Rhoubobrdral.    RhombohedraL    B  b  88*  8^. 
Cleavage,  R.    SometimeB,  B— *e>» 
H.  »IHK 
6.  ■.  8*8  ...  4*06. 


OBDEB  Vfl.        GENERA  AND  9PEG1ES.  4*31 

4.  Pemmatic.    Prismatic    ^r  »  llO**    46'.    (I^  +  od)* 
»  70°  4F. 
Ckftvage,  ^r  +  oo.    Less  distinct^  Pr  +  »• 
H.  »  8-5. 
6.  n3-66...3*a 

Ckrytober^  ii  304* 

III.  Diamond.    Tessular. 
H.  =  100. 
G.  =    8'4  •••  8*6. 

1.  OcTAHZDRAL.    TessuIaT. 

Cleftvage,  octahedron,  perfect 

Diamond.  ii.  906* 

IV-  Topaz.    Prismatic. 

Cleavage,  axotomous. 

H.  =  80. 

6.  =  8-4  ...  8-6. 

1.  PKI8KATIC.    PriimaUc.    P«14r7',  10^62',  WW. 
P+ce  »  124M9'. 
Combinations  sometimes  diffisrent  in  the  qiponteends 

of  thecfystali. 
deBTSge,  P— oe^|hi|^"perfect.  ' 

T6p<uu  &  S08. 

V.  Emsbald.    Rhombohedral,  prismatic 

Cleavage,    rhombohedral   axotomous    and 

peritomousy  or  prismatoidal  of  a  hi^ 

degree  of  perfection. 
H.  =  7-6  ...  80. 
G.  =  2-6  ..•  8-8. 


4S2  €HAHACT£Ri8TlC.  CLASS  IF. 

1.  Peibmatic.    Hemi-prisinatic. 

Cleavage,  ^r  +  00,  of  a  high  d^ree  of  perfection. 

?!  s  49"  52'. 
2 
H.  »  7*5. 

G.  s  2-0  ...  3*2. 

£uckue.  ii.  313. 

2.  Bhomjbobediial.  Di-rhombohedxaL  V  sz\bV9'j6&^47'. 

Cleavage,  B  —  00.   Less  distinct,  P  +  00. 
H.  »  7-5  ...  8-0. 
G.  »  2^-6  ...  2-& 

Emerald.  ii.  316. 

VI.  QcjARTz.     B^iombohedral,  prismatic. 
Cleavage,  not  axotomous. 
H.  =  55  ...  7S. 
G.  =±  1  9  ..:  2-7. 

1.  Pbismatic    Prismatic. 

Cleavage,  P  +  od  =  120**  (nearly).    Pr  +  00. 
Dichroism,  parallel  and  perpendicular  to  the  axis. 
H.  s  7*0  ...  7'& 
G.  SI  2-5  ...  2*6. 

Cordkriie.  ii.  319. 

2.  Rhombohedral.    RhombohedraL    B  a  7&*  ft^- 

Combinations,  henu-rhombohedral  and  heiBi.^xhom- 
bohedral ;  B  +  n  and  (P  +  n')"  with  inclined  fiusea, 

P  4-  n"  with paraUelfiuses.    ^  »  94^  16'. 

Cleavage,  P  ^  183*"  U\    103«    35'.    Commonlj  ^ 

somewhat  less  disUnct.    P  +  ee. 
H. «  7-0. 
G.  B  2*5  ...  27' 

Quartz.  ii.  321. 

3.  Ukcleavable.    Beniform- ...  maasive. 

Cleavage,  none. 
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H*  s  5*6  ...  <Mk 
G.  >■  1-9  ...  2-3. 

OpaL  iL8S2. 

4.  ExprmoDox.    Gfains  ...  mtMlye. 
Ckftvige,  none. 
H.  a  6*0  ...  7*0. 
6.  «i  2-2  ...  2-4. 

FuiiXU  Quarix.  J.  iL  387. 

YII.  AxiNiTB*     Prismatic. 
Lustre  pure  vitreous. 
H.  =  6-5  ...  70. 
G,  =  8-0  ...  8-8. 

1.  PmisMATic.    Tetarto-prismatic. 

deavage,  two  ftoes,  one  of  them  more  distinct.    In« 
clination  «.  101<*  W. 

AxiniU.  U.  341. 

YIII.  Chrysolite.    Prismatic. 
Lustre  pure  vitreous. 
H.  =  6-6  ..•  70. 
G.  =  8-8  ...  8*5. 

1.  Pbhiiatic     Prismatic.     1h  «■  80*  AS'.    (Pr  -f  »)*  «■ 
130*  2^. 
Cteavagey  Ihr  4- 00.    Traces  of  Pr -f- eo. 

CkrytMe.  iL  34S. 

IX.  BoBACiTE.    Tessular. 
H.  :p  7-0. 
G.  =  2-8  ..•80. 

i.  Tktkaksdbal.    Semiptessular,  with  inclined  fiuiea. 
Cleayage,  octahedron,  imperfect. 

BoracUe.  U.  347. 

▼OL.  I.  2  E 
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X.  Tourmaline.     Rhombohedral. 
H.  =  70  ...  7-6. 
G.  =  30  •..  8-2. 

1.  BHOMBoasDRAL.    RhoifiboheclraL    R  »  133*  26". 
Combinations,  the  opposite  ends  of  the  crystab  con- 
taining different  faces. 
Cleavage,  R.    P  +  oe.    Imperfect. 

TourmaUne.  iL  349. 

XL  Garnet.    Tessular,  pyramidal,  prismatic 
Lustre,  not  pure  vitreous. 
H.  =  60  ...  7-5. 
G.  =  81  ...  4-8. 

Coloui;,black  :  G.  =  3  9  and  less. 

H.  =  7*5 :  colour  red  or  browu. 

G.  under  3*8 :  form  tessular. 

1.  Pyramidal.    PTnmid^L   ?  «  ia^"  29',  74"  14'. 
Cleavage,  P  —  os.    P  +  os.    [P  4^  od]. 
H.  B  6-5. 
6.  »,  3*3  ...  3-4. 

Idocrate.  iL  354. 

%  Tetrahedral.    Semi-tessular,  with  inclmed  faces. 
Cleavage,  octahedron,  imperfect. 
H.  B  6*0  ^.  6-5. 
G.  s  3-1  ...  3-3.' 

Hehine.  ii.  357. 

3.  DoBECABXD&AL.    Tessular. 

Cleavage,  dodecahedron,  imperfecta 

H.  »  6*5  ...  7'5. 

G.  »  3-5  ..,  4*3.  ■   • 

Garndt.  ii.  350. 

4%  Prismatoidal.     Prismatic.     Fr  8=70°  32'.    (rr  +  o»)' 
s  120*' .'^r. 
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iS5 


Cleavage,  Pr  «  09,  perfect 
H.  a  7*0  ...  7*5. 
O.  I.  3-3  ...  8-9. 

XII.  ZiBCON.     PyiiAiiiidal. 
H.  =  7-6. 
G.  =  4-6  ...  4-7. 

1.  Ptbamu>al«    FjmunidaL    F 
Cleayage,  P.  P  +  «. 


ii.  see. 


128*  19".  W  W. 


iL  sea 


XIII.  Gadoltnite.    Prismatic. 
Colour  black. 
H.  =  6-6  ...  7-0. 
G.  =  40  ...  4-8. 

1.  PaisiiATic.    Hemi-prisiliatic. 
Cleavage  almost  none. 
Fracture  ooncholdaL 
GadoOmU. 


ChondrodUe. 

FOrctUef 

FonUrke. 

ByalotlderiUf 

KnaMe9 

lAgwiUf 

Mtmmef 

SpfuaruXUef 

SpmeUanef 


iL  371. 


m. 


IL  304. 

87. 

ii.  364. 

iL  99. 
iiL  102. 
liL  111. 
iiL  118. 
ilL  121. 
in.  126. 
iiL  156. 
iiL  168. 
iii.  174. 


4SQ  CHAILACTAKISTIC.  CLASS  II. 


VIII.  Oadeb.    ore. 

I.  Titakium*Oke.    Pyramidaly  prismatic. 

Streak  uncoloured  •••  very  pale  brown. 
H.  =  6-0  ...  6-6. 
6.  =  8*4  ...  4*4. 

6.  under  4*S  :  streak  uncoloured. 

1.  Peismatic.  Hemi-prismatic.  -La  113*  W.    IncUiuu 

tion  »  8*  18'.    (Pr  +  od)*  «  ISIT  B^. 

Cleavage,  Z«  ^  »  SS**  7\  difficult. 

Streak  uncoloured. 
H.  K  5*0  ...  6*ff. 
G.  B  3-4  ...  3*6. 

Sfih€ne,  iL  373. 

2.  PsmiTOMOus.    PyramidaL    P  »  117*  S',  96*  IS'* 

Cleavage,  P  +  o».    [P  -f-  »]• 
Streak  pale  brown. 
H.  »  6*0  ...  6*5. 
6.  «  4*2  ...  4*4. 

RuHle.  iL  376. 

3.  PnAMiDdkL.    PjrramidaL    P  «  97''  66",  136*  22^. 

Cleavage,  P — os.    P. 
Streak  uncolouxed. 
H.  »  5*5  ...  6*0. 
O.  «  8*8  ...  3*9. 

Anatate.  iL  379. 

II.  Zimc-Oke.     Prismatic. 

Streak  orange-yellow. 
H.  =  4*0  •••  4*5. 
6»  =  6-4  ...  5-6. 
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1.  Peiiiiatic.    Pziflmatic 

CSeftvage,  P  -|-  od  »  125°  (iwarij).    Traces  of  t^r  -»- ». 
Priimatie  Zimo-Ore.    J.  iL  380. 

III.  Copper-Okk.     Tessular. 

Streak  brownish-red. 
H,  =  2-6...  40. 
G.  z=5-6...  &0. 

I.  Octahedral.    Teasukr. 
deavage,  octahedron. 

Octahedral  Red  Copper-Ore.    J.  ii.  361. 

IV.  Tin-Oee.    Pyramidal. 

Streak  not  black. 
H.  =  6-0  ...  70. 
G.  =6-8  ...  7-1. 

1.  PTaAXiDAL.    PTramidaL    P  »  133'  86',  67'  59^. 
Cleavage,  P  -I-  o».    [P  +  eo]. 
Streak  imcolouxed  ...  pale  brown.  . 

PffraiMal  Ttn^Ore.    J.  '  iL  384. 

y«  Scheslium-Obe.    Prismadc. 
^         Streak  reddish-brown,  dark. 
H.  =  50  ...  5-5. 
G.  =  7-1  ...  7-4. 

Pr  _  1 

1.  PmiSMATic.    Hemi-prismatic.  ill 1  b  6S<'  4<K.    In- 

dinatioli -B  0.    P+eo»101"5'. 
Cleavage,  Ihr  +  eo,  perfect 

Primaik  WtHfrtm.    J.  ii.  387. 

VI.  Taktalum-Obe.    Prismatic. 
Streak  brownish-black. 
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■  H.  =  60, 
G.  =  6-0  •..  6-8, 

1.  PftuiEA'ric.    Prisnutic. 
Oeavage,  prumatoidaL 
.     TimtalUe.  iL  990. 

VII.  Urakium-Ork.    Form  not  detenniiiaUe. 
Streak  black. 
H.  =  5-5. 
G.  =64...  6-6. 

1.  UvcLBATABLE.    Beniform,  maanye. 
CLeaTage,  none. 

Unchavahle  Uramurn'Ore.    J.  li.  993. 

VIIL  Cerium-Ork.    Form  not  determinable. 
Streak  uncoloured* 
H.  =  B'B. 
G.  5=5  4  9...  5-0. 

1.  Uncle  ARABLE.    Masnye. 
CleaTage,  none 

CcrUc  ii  aw. 

IX.  Chrome-Ore.     Tessular. 

Streak  brown. 

H.  =  5  6. 

G.  =  4-4  ...  4-5. 

1.  Octahedral.    Teamilar. 
Cleavage,  octahedron. 

Priif/tatk  Chrome-Ore  or  ChromaU  qflron.  J.  iL  99S. 

X.  Iron-Ore.    Tessular,  riiombohedral,  prismatic. 

Streak  red,  brown,  black. 
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H.  =  6  0  ...  6-5. 
G.  =  8-8  ...  $-3. 

Streak  brown:    G.  =  4-2  and  less,    or 

4*8  and  more. 
G.  under  4*8 ;    the  colour  being  black : 
streak  without  lustre. 

1.  AxoTOuous.    RhombohedraL    R  s  86'  59^. 

Combinations  hemi-rhombohedr^  with  pai'allel  faces. 

P  4-  1 

tJLl  =  9r  20'. 

2 

Cleavage,  R  »  o»,  pferfect.    Traces  of  R. 
•   Str^  black. 
Weak  action  upon  the  magnetic  needle. 
H.  s=  5*0  ...  5*5. 
G.  »  4-4  ...  4*8. 

TUanUic  Iran.  Vulg.  ii.  3»7. 

2.  Octahedral.    Tessular. 

Cleavage,  octahedron. 

Streak  black. 

Strong  action  upon  the  magnetic  needle. 

H.'a5-6...  6*5. 

G.  s  4*8  ...  5*2. 

Octahedral  Iron^Ore,  J.  ii  399. 

3.  DoDECAHEDBAL.    Tessular. 

Cleavnge,  octahedron,  very  indistinct. 

Streak  brown. 

Weak  action  upon  the  magnetic  needle. 

H.  a  6-0  ...  6«6. 

G.  a  6-0  ...  5*1. 

FrankfMte.  iL  403. 

4.  Rhokbohedbaz..    RhombohednL    R  >■  86^  58^. 

Cleavage,  R.    Sometimes,  R  —  od. 

Strode  red  ...  reddish-brown. 

Sometimes  a  weak  action  upon  the  magnetio  needle* 


\ 
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G.  «■  4*8  ...  I^'S. 

MOomboUailfm^Ort.  X  iL  404. 

6.  Vmismaxic    Piimntic. 
doiTage,  P  4-  e». 
Streak  jeUowidubroirn* 
No  Action  upon  the  mtgatetie  needle. 
H.  as  5*0  ...  6*& 
G«  «  9*6  ...4*2. 

FrUmaik  IromJOrt.  J.  iL  410. 

0.  Dx.PuflMATic  Frismatie.  P  » 189*87,117'' 38 ,77Me'. 
CleftTage,  Pr  »  US'*  S'.    P  +  od  »  112*  37'.     Some- 
what  more  distinct,  P ..  od.    Pr  +  ».    Alt<^getlier 
unperfiBCt. 
Streak  black,  sometinies  greeniah  or  brownish. 
No  action  upon  the  magnetic  needle. 
H.  H  h'h  ...  0*0. 
O.  «  3*8  ...  4*1. 

UkwUe.  it  414. 


XI.  Manoavesb-Oks.    Pyramidal,  prismatic 
Streak  dark  brown,  black. 
^      No  action  upon  the  magnetic  needle. 
H.  =  2-6  ...  6-0. 
G.  =  4-0  ...  4-8. 

Streak    brown:    6.   ==  4*7  and  more, 

H.  =  4*0  and  more. 
H.  above  40;  the  streak  being  black: 
lustre  in  the  streak* 

PnaKiiUL.    F)riamidaL    P  «  106°£»',  IIT^M'. 
Cleavage,  P  -.»•    Tiacea  of  P  «- 1  «.  114"  sr,  90* 

II',  and  of  P. 
StNakbiowfr 
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H.  Bx  5*0  ...  5*5« 
G.  »  47  ..•  4-8.' 

J?lacAr  Mamgtmue,  J.  iL  416. 

UycLEATABLE.    Benifomi,  botryoidal,  mMsive. 
CleaTage,  none. 
Streak  browniab-bljKky  shining. 
H.  em  5<0  ...  6-0. 
G.  »  4*0  ...  4*1. 
Blade  Manganete.  J.  ii.  418. 

3.  PBISMATOIDAL.    Prismatic. 

Cleayage,  l^r -I- eo  perfect,  less  distinct  P  +  oom  99*40'. 
Streak  black. 
H.  as  2-5  ...  3*6. 
G.  I.  4-4  ...  4-8. 

Grey  Mamgtmete,  J.  iL  419. 


AWu^kU. 

iiL    88. 

BrookUe. 

liL    82. 

FerguaoiAlU^ 

iiL    98. 

OrthUe. 

iiL  133. 

PhoiphaU  of  Mangmiese*  Chem. 

iiL  138. 

SmpiiotiderUe. 

iiL15& 

JrUrO'J*ttiitaHi6»  J* 

iiL  173. 

IX.  Ordse.    metal. 

L  Absemic.    Form  unknown. 
Colour  tin-wlute* 
H.  =  8-6. 
6.  =  6-7  ...  6-8. 

1.  Native.    Beniform,  massive. 

Anemc.  iL  423. 
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II.  Tellurium.     Form  unknow^n. 
Colour  tin-white. 
H.  =  20...2  6. 
G.  =  61  ...  6«. 

1.  Nat  ITS.    Massive. 

TeUuHum,  iL  424. 

III«  Antimoky.     Rhombohedral,  prismatic. 
Not  malleable. 

Colour  white,  not  inclining  to  red. 
H.  =  8-0  ...    8*6. 
6.  =  6-5  ...  10-0. 

1.  Bhombohedbal.    RhombobednL    R  as  117*  15'. 

Cleavage,  Il~  00  perfect.    B.    Trues  of  B  »  S  and 

P4-09. 

H.  as  SH) ...  3'5. 
6.  Bs  6-5  ...  6*8. 

Antimony.  iL  4S6. 

fi.  Prisxatic.    Prismatic 

Cleavage,  P— . oo.     j^r.    Less  distinct,  P  +  oo. 

H.  IB  3*5. 

G.  IB  6-9  ...  10-0. 

Priimatk  Antimony  or  AnOmonial  Siher,  J.  iL  427. 

IV.  Bismuth.     Tessular. 

Colour  silver-white,  inclining  to  red. 
H.  =  80  ...  2-6. 
G.  =:  9-6  ...  9-8. 

1.  OcTAaEDRAi..    Semi-tessolar  with  inclined  ftces. 
Cleavage,  octahedron,  perfect. 

Bimuth.  iL  430. 
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Y.  Mbbcuat.    Tefisular;  fluid. 
Not  malleable. 
Colour  white. 
H.  =    00  ...   80/ 
G.  =  105  ...  16 a 

1.  DoDECAHZD&AX..    Tessular. 
deavage,  none. 
Colour  tilyer-wlu^ 
H.  »    1-0  ...   8-0. 
G.  -B  10-6  ...  12*6. 

DodeetAednU  Mercury  or  NoHve  Amalgam,  J.  iL  481. 

8.  Fluid.    Fluid. 
'  Colour  tin*irhite. 
SLa    0-0. 
O.  B  12-0  ...  15-0. 

Mercury.  i|.  483. 

VI.  Silver.    Tessu}ar. 
Ductile. 

Colour  silver-white. 
H.  =    2-6  ...    8-0.* 
6.  =  10-0  ...  10-6. 

I.  Hexahxd&al.    Tessular. 
Clearage,  none/    - 

Siher.  u.  483. 

VI L  GrOLD.     Tessular. 

Colour  gold-yellow. 
H.  =  8-5  ...  80. 
6.  =  120  ...  20O. 

1.  Hexabedbal.     Tessular. 
Cleayage,  none. 

Gold.  il  43e. 
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VI I L  Platiha*    Form  unknowiL 
Colour  steel-grey. 
H.  =    40  ...  4*5. 
G.  z=  160  ...  200. 

1.  Katitx.    Manire. 
Cleavage,  none. 

PMm.  ii.  441. 

IX.  Ibon.    Tessular. 

Colour  pale  sted-grej. 

H.  =  4-5. 

G.  =  7-4  ...  7-a 


1.  OcTAHSD&AX..    Teanilar. 

deayage^  none. 

Iron. 

u.  44S. 

• 

X.  CoppBE.    Tessular. 

Colour  oopper-red. 

H.  =  as  ...  SO. 

G.  =  8-4  ...  8-9- 

1.  Octahedral.    Teaaukr. 

deavage,  none. 

Cogpor* 

iL444. 

Ifiihm. 

iiL  114. 

iMd. 

liL  I». 

jPdAuiXiMR. 

iiL  134. 
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X.  OEDB&.    PYRITES. 

I.  Nicxel-Ptbitbs.    Prismatic. 
Colour  oopper*red. 
H.  =  60  •..  5-6. 
G.  =  7-5  ..•  7-7. 

1.  Peibmatic.    Pxisniatic* 
Oeavage,  indistinct. 

PrkmaHe  Nieka  PyHUt.    J.  iL  448. 

IL  As8BNical«Pybites.    Prismatic. 
Colour  not  inclining  to  red. 
H.  =  60  ...  60. 
G.  =  6-7  ...  7-4. 
Colour  wUte  or  grey  :  G.  under  6*S  or 
above  7*0. 

1.  AxoTOMOtrfl.    Priflmstic.    Pr  a.  61^  SO'.    ?+«»«- 
122**  20". 
Clearage,  P^oo.    Less  disdnet,  thr ->  INT  10^.  Tm- 

oesof  P  +00. 
H.  as  6*0  ...  5*5. 

G.  mm  7-1  ...  7*4. 

Axoiomimt  Arteitkal  PyrUu,    J.  iL  448. 

i.  Prismatic.    Prismatic. 

ClesTSge,  P .— 00.    (ft:  -f  eo)*  «.  Ill*  W. 
H.  »  5-5  ...  6*0. 
G.  «i  6^  •••  6*2. 

PrUmatie  AraenUxU  PyrUei.    J.  iL  449. 

III.  Cobalt-Ptbitbs.    Tessular. 

Colour  white,  inclining  to  steel-grey  or  red. 

H.  =  6*6. 

G.  =  6*1  .M  6*6. 
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I.  OcTAHEsraAL.    Teflsular* 

Cleavage,  faezabedron,  octahedron,  dodecahedron,  in- 

diatinct. 
Colour  white,  inclining  to  grey- 
H.  «  S^. 
6.  s  6^  ...  6*6. 

Tin^WhUe  CobalL   J.  ill.  462- 

3.  HsxAHXDiiAL.    Semi-teaaularwithparaUeifiicea. 
Colour  white,  inclining  to  red. 
H.  -B  5-6. 
*  G.  c«6*l  ...  6*3A. 

Siher-Whiie  CMU.   J.  ii.  45S. 

IV.  Ibok-Ptkit£s.  Tessular,  rhombohedral,  pris- 
matic. 

Colour  yellow,  sometimes  inclining  to  oop- 
per-r6d. 

H.  =  8-5  ...  6-6. 

G.  =  4-4  ...  506; 

1*  Hkxabedrai..    Semi-teasular  with  parallel  fiicea. 
Cleavage,  hexahedron^  octahedron. 
Colour  bronze-yellow. 
H.  B  6*0  ...  6*5. 
G.  B  4-9  ...  6*05. 

Hixafiedral  Irtm^PyriiCi,    J.  IL  467. 

3.  Peismatic.    Priamatie.    Pt  »  114''  IS'. 

Cleavage,  Pr  »  106**  30",  distinct.    Ttacea  of  P  +  « 

«  98«  13'. 
Colour  bronse-yellow. 
H.  a  6*0    ...  6*6. 
G.  »4-65...4*&.        ' 
...      PritmaHc  Iroti'PjfrUet.  J.  iL  461. 

3.  RboJcbobss&al.    Di-rhombohedraL 

Cleavage,  R ...  o».    Less  diatinct;,  P  +  oo. 
Colour  broose-jellow,  inclining  to- copper-red. 
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H.  s  3-5  ^..  4*5. 
6.  »  4-4  ...  4*7. 

Rhomboidallr9it-Pyritesor  Magnetic  PprUes.J»iL  465. 

V.  Copp£K-Ftbite8.     Tessular,  pyramidal. 
Colour  brass-yellow,  copper-red. 
H.  =  80  ...  4-0. 
6.  =4-1  ...  6-1. 

1.  Octahedral.    Teasular. 

Cleavage,  octahedron,  very  indistinct. 

Colour  copper-red. 

H.  »3-0. 

G.  »  4*9  ...  5*1. 

Varkgaied  Copper.  J.  ii  467* 

2.  Ptrauidai..    Hemi-pyramidal  with  mclined  faces.    P 

B  109**  63',  lOS^"  40^. 
Clearage,  P  +  1  «  JOP  49^,  126'  11'. 
Colour  brass-yellow. 
H.  »  3-5  ...  4-0. 
G.  »  4-1  ...  4*3. 

Pyramidai  Copper^PyriUs.  J.  ii  409. 


CobaUKieif  J.  iiL    88. 

NickeUfirout  Grey  Antimony.  J.  iiL  131. 


XI.  Obdsb.    glance. 

I.  Cofpeb-Glakce.     Tessular,  prismatic.        '  . 
Colour  blackish  lead-grey,  steel-grey,  black. 
Cleavage,  indistinct,  not  axotomous. 
H.  =  2-6  ...  40. 
G.  t=  4-4  ...  6-8. 
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1.  TETftAHKDKAL.    Semi-teMular  with  inclined  ftocfl. 

CleATige,  octahedron. 
Colour  BteeLgrey  ...  iion-bladc 
H.  M  S-P  ...  4*0. 
O.  m  4-4  ...  6<2. 

T€inihednU  Copper^Gkmoe,  J.  liL  1. 

2.  PusxATOinAL.    Prismatic. 

Cleavage,  t^  +  ob. 

Colour  blackish  lead-grey. 

Brittle. 

H..IS-0. 

6.  mi  6-7  •••  6*8. 

J^ritwuMdal  Copper-GlMee.  J.  iiL  4. 

S.  Di.Pmx8MATic    Prismatic    Pr— 1  sST^IT;  (l^r  +  «)* 

« t^  SK 
\      Cleavage,  ^  +  e».     Pr  -|-  ».     The  former  nther 

more  distinct. 

Colour  steeLigrey,  indining  to  kad-grej  or  inm-bhck. 

Brittle. 

H.  a.  3*6  ...  SH). 

O.  mi  5*7  ...  6*8. 

BommonUe,  iii  6. 

4.  PuBXATic.    Prismatic    Pr  »  119*  36^;  (thr  +»)'  » 
63' 48". 
Cleavage,  ihr,  very  imperfect 
Colour  blackish  Ind^^giey. 
Very  secUle. 
H.  a.  3*6  ...  8-0. 
G.  »s  6*6  ...  6*8. 

Pfitmatk  CopperJGkmet  or  FlCrsnM  Copper,  J.  iiL  & 

II.  Silver-Glance.    TessuJar. 
Colour  blackish  lead-grey. 
H.  =  20  ...  8^6. 
G.  =  6-9  ...  7-2. 
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1.  K^ZAHSDBAL.    Tessular. 

deavage,  traces  of  the  dodecahedron. 
MaUeable. 

Hexahedral  SUver-danoe.  J.  iii  1  !• 

III.  Lead-Glance.     Tessular. 

Colour  pure  lead-grey. 

H.  =  2-6. 

G.  =  7-4  ...  7& 

1.  HsxAHEBAAX-    TesBuIar. 

deavage,  hexahedron,  perfect. 

Hexahedral  Gakna  or  iMuUSlanee,    J.  in.  13. 

IV.  Tellubiitm-Glanck.    Prismatic. 

Colour  blackish  lead-grey. 
Cleavage  monotomous,  perfect. 
H.  =  10  ...  1-6. 
G.  =  7-0  ...  71. 

1.  Prismatic.    Prismatic 

deavage,  axotomous  or  pzismatoidaL 

Pritmatic  TeOwriim-XMmoe.    J.  iiL  16. 

V.  Molybdena-Glancb.    Rhomboh^dral. 

Colour  pure  lead-grey. 
Thin  laminse  very  flexible. 
H.  =  10  ...  1-6. 
G.  =  4-4  ...  4-6. 

1.  Rbokbohedral.    Di-rhombohedimL 
Cleavage,  B  —  eo,  perfect. 

BhomMdal  Molybdetta.    J.  iiL  18. 

VI.  Bismuth-Glance.    Prismatic. 

Colour  pure  lead-grey. 

▼OL.   I.  2  F 
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H.  =  S-0  ...  2  6. 
G.  =6-1  ...  6-4. 

1.  Pkisicatic.    Prismatic. 

Cleavage,  P  +  oe  »  90%  nearl j ;  also  ^  +  «  and 
Pr  +  00,  one  of  them  liigblj  perfect 
Prismatic  Bimwih-Gkmce.    J.  in.  19. 

VII.  Antimony-Glance.     Prismatic. 

Colour  lead-grej,  not  blackish,  steel«grej. 
Cleayage,  perfect. 
H.  =  1-6...  2-6. 
G.  =  4-2  ...  6-8. 

G.  under  5*8 :  H.  =  2*0 :  thin  lamins 

not  very  flexible. 
G.  above  5*8 :  colour  steei-grey. 

1.  Prismatic.    Prismatic 

Cleavage,  l^r  +  oe,  perfect  in  a  high  degree.    Leas  ^ 

parent,  Pr  +  oe. 
Colour  pure  8teel*grey. 
H.  »  1*5  ...  2Hli 
6.  »  6*7  ...  6*8. 

PritmoHe  AmUmonff  iSkmee,    J.  iiL  2L 

2.  PaisMATOiDAi..    Priamatic     P  ->  109^  10',  lOS*"  1<K, 

110'  sy. 

Cleavage,  )h*  +  eo,  higfalj  perfect.     Leas  apparmt, 

P  »0».      P  +  CQ  as  90°  41^.       Pr  +  00. 

Colour  lead-grej. 

H.»2-0. 

Q.  «  4-2  ...  4*7. 

Grey  AnHmonif*    J.  iii.  23. 

3.  AxoTOMOus.    Prismatic. 

Cleavage,  P — 09,  perfect.    P  -f  o> »  101  "^  2IK;  ftr  +  od. 
Coloiur  steel-grej. 
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H.  -8  2-0  ...  2-6. 
6.  SB  6*5  ...  6*8. 

Jamaonite*,  iii.  26. 

VIII.  Melane-Glance.     Prismatic. 
Colour  iron-black. 
H.  =  «-0  ...  2*6. 
6.  =6-9...  6-4. 

1.  Prisicatic.    Prismatic,    t^r  s  \W  39^. 

CleaTage,  (!^  -»^  »)•  «.  72*"  13'.    thr  •»-  oo.    Indistinct. 
PriitnaHc  Mdtme^Gkmee.  J.  iu.  27- 


ilr^<l/^fiOM  Copper-Glatice.  J.  iiL    73. 

Bitnwthk  SUverf  J.  iiL    73* 

OMHc  Oo^Mo.  J.  iiL  'Sa 

Cupreomi  Bitmuthf  J,  iiL    91. 

BuetMU.  •     '  iiL    94. 

FkaMe  SvJflhuret  of  SUvtr.  Phill.  iiL    30. 

Mplpbdena^Uver.  J.  iiL  127. 

i^a^e  jyidteJL  J.  iiL  129. 

NeedXe^Ore.  J.  iiL  130. 

S^eniuret  qf  Copper.    Phill.  iiL  160. 
Hufphmnt  if  SUver  and  AfMmtmy,  Phill.  iiL   80. 

TennantUe,  iii.  161. 

Tni-PyHtes.  J.  iiL  163. 

YOhw  TeOurimmf  J.  iiL  171. 


i    XII.  Oeder.    blende. 

I.  Glakce-Blekde.     Tessuhr. 
Streak  green. 
H.  =  8-6  ...  40. 
G.  =8-9  ...  4-06. 
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1.  HXZAHKDRAX..     TetSUlBT. 

Cleavage,  hexahedron,  pei&ct 

PriimaHe  Manganete'Bknde*  J.  iiL  31. 

II.  Gaenet-Blsndk.     Tessular. 

Streak  unooloured  .,.  reddish-brown. 
H.  =  8-6  ...  40. 
6.  =  40  ...  4-8. 

1.  DoBXCAHEDRAL.    Semi-teMular  with  indined  hces> 
CSeavage,  dodecahedron,  highly  perfect 

Dodecahedna  Zinc^Bkndc.  J.  iiL  3S. 

III.  Purple-Blende.    Frismatic. 

Streak  cheny-red. 
H.  =r  1-0  ...  1-6. 
G.  =  4*5  ...  4*& 

1.  PaisiCATic.    Hemi-pzismatic, 
Cleavage  prismatoidaL 

Red  AnHmtmy.  J.  iiL  SO. 

IV.  Ruby-Blekde.    Rhombohedraly  prismatic. 

Streak  red. 

H.  =  20  ...  2-5. 

G.  =  6-2  ...  8-2. 

1.  RjBOiEBOHEDBAL.    RhombohedriL    R  s  108*  18'. 
Combinations  aometimes  difierent  on  the  opponte  endi 

of  thecxystals. 
Cleavage,  R. 
Streak,  cochineal-red. 
H.  «  8*6. 
6.  »  5*4  ...  5*9. 

EhamMdal  Ruhy-Blende  or  Red  Silver.  J.     iiL  38. 


r  * 
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2.  HsMi-PmsKATia    Hemi-prismatic.    P  4*  eo  «  86*  4^ 

Inclination  of  P  -»  eo  on  the  acute  edge  b  101*  6'* 

Cleavage,  LlL^  and  {^r  +  »9  imperfect 

StredE  daik  chenry-red. 
H.  z.  2-0  ...  2-6. 
G.  tB  5-2  ...  5*4. 

Var.  9f  Dark  Red  Silver,  Vulg.  ill.  42. 

3.  PEEiTOMOua.    Bi^ombohedral.    B  »  71"  47'. 

Cleavage,  B  +  09,  highly  perfect. 
Streak  8carlet-red. 
H.  s  2-0  ...  2*6. 
6.  a  6*7  •••  8*2. 

Cimnabar*  ilL  44. 


XIII.  Oedbe.    SULPHUE. 

I.  SuLPHUB.  Prismatic. 
H.  =  1-6  ...  2-6. 
G.  =1 1-9  ...  8-6. 

1.  PBiaxATOTDio^    Prismatic    Pr  «  83*  37'.    P  4*  « 

s  117^  49^. 
Cleavage,  t^  +  oe,  eminent. 
Streak  lemon-yellow. 
H.  a  1*6  ...  2*0. 
G.  B  3*4  ...  3*6. 

OrplmeuL  ilL  47* 

p 

2.  Hski-Pbibkatic.    Hemi-priamatic.    —  k   130*    O'. 

Inclmation  »  4*  1'. 
Cleavage,  —  —  as  66*  44'.    fr  +  os.    Less  distinct, 
P  +  ee  a  74°  ao'.    Pr  +  oe.    ImperfecU 
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Stnak  oraiige-yellow  ...  auron-xed» 
H.  «  1*6  ...  Ml. 
O.  a  3-5  ...  3-e. 

Realgar,  iiL  49. 

a  Prismatic   Prumatic.    P  »  106*  Sd',  84'*  58',  143^  17'. 
aeayage,  P.    P  +  eo  a  lOP  5IK.    Impeif^t. 
StredE  uncolouied ...  sulphur-yeUow. 
H.  »  1*5  ...  2*5. 
G.  im  1-9  ...  9*1. 

Suhhur*  iii.  5S. 
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CHARACTERS 


OF  THE 


GENERA  AND  SPECIES 


OF  THE 


ORDERS  OP  CLASS  III. 


I.  Obdeb.    RESIN. 

I.  Melichbone-Resik.     Pyramidal. 

H.  =  20  ...  2-6. 

G,  =  1-4  ...  1-6. 

ft 

1.  Ptbahzbal.    FynimidaL    P  «  IW  4,'y  es^'  28^. 
Cleayage,  P,  imperfect. 

MenUe.  iiL  60. 

II,  Minebal-Resim.    Amorphous. 

H.  =  0-0  ...  2-6. 
6.  =0-8...  1-2. 

1.  Yellow.    Solid. 

Colour  yellow  ...  white. 
Streak  uncoloured. 
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H.  a  3-0  ...  2*5. 
6.  am  1-0  ...  M. 

Amber,  iii.  57. 

S.  Blacjc    Solid  ...  fluid. 

Colour  black,  brown,  red,  grey. 
Streak  black,  brown,  yellow,  grey. 
H.  «  0«0  ...  2*0. 
G.  »  0-8  ...  1-2. 

Stack  MimeraURetk^  J.  iu.  59. 


RObOie.  lit  146. 


II.  Order.    COAL. 

I.  MiNESAL-CoAL.     Amorphous. 
H.  =  lO  ...  8-6. 
G.  =  l-*  ...  1-6. 

1.  BiTOMivona.    Colour  brown,  Slack. 

Luatre  resinous. 
Odour  bituminous. 
H.  «8 1-0  ...  2*5. 
G.  a  1*2  ...  1-5. 

JSIfomlfioM  Mineral  CoaL  J.  iii.  61. 

2.  Nox-BzTUMiNOus.    Colour  black. 

Lustre  imperfect  metallic. 
Odour  not  bituminous. 
H.  «  3*0  ...  2*5. 
.  G.  a  1*3  ...  1-5. 

AnffiracUe,  fiL  64. 

Among  the  remaining  minerals  contained  in  the  Appen- 
dix,  Professor  Mors  proposes  to  form  two  new  Orders, 
which  will  comprehend  nearly  the  following  species  : 


BUuk  CobalUOOire.  J. 

a  {rs. 

KujBfMniig,  Bhkithaupt. 

ilL  118. 

Cupreous  Mmgan»m,  J* 

ilL   92. 

SUk  Wad.  J. 

ii.431. 

Pfomtoi^*. 

iL191. 

HiHn^tfrlte. 

ili.  loa. 

iVvrMI/^ 

iu.142. 

ChtaropaL 

iii.    86. 

Chhrop/uHU. 

iii.    88. 

Iroi¥»iimUr.  J. 

iii.  115. 

Chry90coBa\ 

u.  16& 

AUoghane* 

iii.    69. 

iL  Ordxr^  to  he  irucrted  between  Mica  and  SjKir, 

Steatite.  iii.  157. 

AgahmiMc.  iii  100. 

Serpentine,  iii.  151. 

Fahiutdte,  ,  iiL    97* 

GieteckUe.  iii.  104. 

PfnUtf.  iii.  139. 

KiOinUe.  iiL  117. 

Gi((»lte?  iiL  103. 

MarmoRie  $  iiL  124. 

PkroHte.  iiL  136. 

Plcrofmin^.  iiL  137* 

PyraUolile.  iiL  141. 

Many  of  these  substances  have  been  too  impeifectlj  de- 
scribed to  enable  us  to  receive  them  as  yet  in  the  system. 
This  is  still  more  the  case  with  the  following  minerals, 
some  of  which,  moreover,  possess- properties  apparently  so 
discrepant  firom  any  .of  the  orders  comprised  in  the  system, 


*  Hitherto  contained  in  V.  and  IV.  Orders. 
VOL.  I.  2  o 
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that  no  piioe can  /el  be angoed  to thenwitli 07 dqgrce 

4ir  probability* 

AbimltiUe.  m,  70. 

AfkrUe.  iU.   71. 

Arwmkat  BUmtOL  WtMMn  Hi.   74* 

BrelttakUe,  ilL    80L 

H^aekaime.  liL  106. 

JGrflNnMMfie.  iiL  UOi 

LeOUe.  iSL  11% 

SordamaiU^  liL  165. 

Tonmt.  iiL164. 

3WMrll&  iiL  166L 

Wggneilte.  ilL  109. 

ZNfiMe.  iiL  I70. 
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